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BUSINESS AND TECHNICIAN EDUCATION COUNCIL 
Certificate Programme in Telecommuncations 

Sets of model questions and answers for Business and Technician Education Council (BTEC) units are given below. The questions illustrate the types of 
questions that students may encounter, and are useful as practice material for the skills learned during the course. 

Where additional text is given for educational purposes, it is shown within square brackets to distinguish it from information expected of students 
under examination conditions. Representative time limits are shown for each question, and care has been taken to give model answers that reflect these 
limits. 

We would like to emphasise that the questions are not representative of questions set by any particular college. 


BTEC: TRANSMISSION SYSTEMS II 

The following questions are based on the BTECs standard unit U81/746. Students are advised to read the notes above. 


(?/ A bandwidth of 5-5 MHz is often quoted in telecommunication trans¬ 
mission systems. 

Does this bandwidth represent 

(a) a high-quality music transmission , 

( b ) a digital transmission , 

(c) a telegraph transmission , or 

(d) a commercial television transmission? (jmin) 

A I (d) a commercial television transmission. 


Q2 What is the bandwidth of the audio signal of a television transmis¬ 
sion? {jmin) 

A2 20 kHz. 


Q3 State tw o typical baseband frequency ranges used in audio transmis¬ 
sions and identify their application. (1 min) 

A3 300-3400 Hz for commercial telephony speech band. 

50-10000Hz for high-quality music transmission. 


Q4 In carrier telephony , what is the bandwidth of an audio channel and 
what is the channel spacing? {I min) 

A4 The channel bandwidth is 4 kHz and the channel spacing is 
0 9 kHz. 

[Tutorial note: The frequency range of the audio signal is 300-3400 Hz, 
giving a bandwidth of 31kHz. Thus 4kHz channels provide a spacing, 
or guard, of 0-9kHz between channels.] 


Q5 Fig. 1 represents the impedance components of a 2-wire telephone 
transmission link between a transmitting and receiving terminal. 

Zj represents the overall resistance and inductance oj the line. Z 2 rep¬ 
resents the overall insulating resistance and capacitance of the line. 

Explain , in terms of the voltage and current levels , how a signal is 
attenuated by this type of transmission line. (8 min) 



Fig. I 


A5 The power level of a transmission signal is directly proportional to 
the current and applied voltage levels of the signal. Thus, at any point 
along the line where a voltage drop or current loss occurs the power 
level of the signal is reduced and the signal is said to be attenuated. 

The series element, Z,, causes a voltage drop to occur and the paral¬ 
lel element, Z 2 , results in a flow of leakage current between the conduc¬ 
tors (see sketch). 



The strength of the received signal is thus less than that of the trans¬ 
mitted signal, SV and SI representing the losses introduced by the 
network and expressed as a fraction of the original applied voltage and 
current, respectively. 
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BTEC: TRANSMISSION SYSTEMS II (continued) 


Q6 Why is it undesirable to provide all telephone terminals with line 
amplifiers ? (6 min) 

A6 Each telephone terminal would require either a 2-wire-to-4-wire 
conversion unit or a 4-wire link to the local exchange to cater for the 
unidirectional operation of the amplifier. 

Large amplified signals at the transmitting end of a telephone link 
result in crosstalk in adjacent links within the same cable. The majority 
of telephone calls in the UK do not require the use of amplified circuits. 
The provision of line amplifiers at all telephone terminals would thus be 
uneconomic and lead to customer dissatisfaction because of the cross¬ 
talk effects. Where amplification is required, line amplifiers are provided 
between the telephone trunk exchanges. 


Q7 In practice , why is it desirable to have an overall loss of 3dB 
between the 2-wire terminals of a 2-wire-to-4-wire circuit? (2min) 
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(b) 


A7 Having an overall power gain of less than unity helps prevent 
instability on 4-wire amplified circuits, and an overall loss of half power 
is considered normal. 


Q8 A telephone line signal of 20mW combines with a line noise signal of 
2mW. Determine the signal-to-noise ratio and state whether this ratio is 
within acceptable limits. (3 min) 


QI3 Two baseband signals , each having a frequency range of 100- 
10000 Hz, are allocated carriers of 80 kHz and 95 kHz respectively. The 
two signals are transmitted simultaneously over a common path using 
double-sideband amplitude modulation. Draw a frequency-domain diagram 
of the system and comment on any observations you may make. (8 min ) 


A8 Signal-to-noise ratio = 101og, 0 (^)dB = 10dB. 

This is not an acceptable signal-to-noise ratio. A signal-to-noise ratio 
of 35-40dB would be acceptable on a telephone line. 


Q9 List two electrical noise conditions which originate in a transistor. 

(i min) 

A9 Partition noise and thermal noise. 


Q10 What is the advantage of multiplexing ? [2 min) 

A10 Multiplexing is used to improve the efficient use of plant by 
allowing many users to simultaneously transmit information over a 
common transmission path. 


A13 When double-sideband amplitude modulation is used in multi¬ 
plexing systems, the spacing between adjacent carriers must be greater 
than twice the value of the highest baseband frequency. The spectrum 
diagram (sketch (a)) shows an overlapping of sidebands caused by the 
carrier spacing being 15 kHz instead of some value greater than 20 kHz, 
and therefore the system does not function correctly. 



Qll (a) Draw and label a frequency domain diagram of a fully occupied 
supergroup. 

( b ) Specify the carrier frequency for each group. (8 min) 

All (a) 



312 360 408 456 504 552 


(b) Group 1...420kHz Group 2...468kHz Group 3...516kHz 

Group 4.. ,564 kHz Group 5.. .612 kHz 


Q12 Distinguish between frequency-division multiplexing ( FDM) and 
time-division multiplexing (TDM); include basic time and frequency 
domain diagrams in your answer. (8 min) 

A12 In FDM systems, a discrete carrier frequency is allocated to each 
baseband signal and all signals are transmitted simultaneously over a 
common path. (See sketch (a).) 


(a) 


If the carrier frequencies are to be kept at 80kHz and 95 kHz, the 
system needs to be changed to single-sideband amplitude modulation, 
the resultant spectrum diagram being typically as shown in sketch ( b ). 
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(b) 


Q14 State the term used to describe the process of superimposing infor¬ 
mation on a carrier. (\min) 

A14 Modulation. 
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(a) 

In TDM systems, each baseband signal is allocated a time-slot and, 
although a common path is used, only one signal is present in the line 
at any one time. The duration and the spacing of the time-slots is such 
that the system appears to transmit all signals simultaneously. (See 
sketch (b).) 


Q15 Why is it necessary to use modulation in telecommunication trans¬ 
missions. (4 min) 

A15 There are two basic reasons for using modulation. 

(a) To shift the baseband frequencies to a new band of frequencies 
which is more suitable for transmission. The new band of frequencies 
may offer less noise over the channel or have a more uniform attenu¬ 
ation. The new band of frequencies may be more suitable for radio 
transmissions. 

( b ) To enable the simultaneous transmission of several signals over a 
common transmission path. 
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BTEC: TRANSMISSION SYSTEMS II ( continued) 


Q16 Use waveform diagrams to illustrate the difference between an 
amplitude-modulated carrier and a frequency-modulated carrier. (6 min) 

A16 


Q22 A frequency-modulated system has a maximum permissible modulat¬ 
ing signal amplitude of 12 V. The rated system deviation is 60 kHz. 

Determine the modulation index when a modulating signal of 5 kHz and 
amplitude 0 4 V is applied to the system. (3 min) 



CARRIER 



0-4 

A22 Frequency deviation = 60kHz x —, 
= 20kHz 


Modulation index 


20 kHz 


5 kHz ’ 


= 4. 


Q23 In frequency-modulation systems , the higher/lower the modulation 
index , the greater the number of significant sidebands. 

Delete incorrect word. ijmin) 

A23 The incorrect word is lower. 




Q24 Identify and explain the significance of the symbol shown in Fig. 2. 

{3 min) 



40 kHz 


Fig. 2 


A24 The symbol is that of a high-pass filter. 

The cut-off frequency of the filter is 40 kHz. All frequencies below this 
value will be severely attenuated by the filter, while frequencies above 
this value will pass through the filter with minimum attenuation. 


Q17 A baseband signal of 100-4000 Hz amplitude modulates a 60 kHz 
carrier. Determine all frequencies present in the inverted sideband of the 
modulated carrier. (2 min) 

A17 The inverted sideband is the lower sideband of the modulated 
carrier. 

Frequencies present = 60 kHz — 4000 Hz to 60kHz - 100 Hz, 

= 56kHz to 59-9kHz. 


Q18 What are the advantages of using single-sideband systems instead of 
double-sideband systems? (1 min) 

A18 Single-sideband systems have a smaller bandwidth and require 
less power. 


Q19 An unmodulated carrier has a peak value of 12 V. It is amplitude 
modulated by a single baseband frequency. If the modulation index is 0-4 . 
determine the peak value of the baseband frequency. (3 min) 

A19 Modulation Index (m) = VJV C where V m = peak value of base¬ 
band frequency and V c = peak value of carrier. 

Therefore, 

V = mV. = 0-4 x 1-2 = 0-48 V. 


Q20 When does overmodulation occur in amplitude-modulated systems? 

(t min) 

A20 When the depth of modulation exceeds 100%. 


Q21 A frequency-modulated system has a frequency deviation of 50 kHz 
and a modulating frequency of 500 Hz. Determine the frequency swing and 
the modulation index. (3 min) 

A21 Frequency swing = 2 x frequency deviation, 

= 2 x 50, 

= 100kHz. 


Q25 Explain the term ‘phase modulation '. 


(2 min ) 


Modulation index = 


frequency deviation 
modulating frequency ’ 
50kHz 


05kHz’ 
= 100 . 


A25 In phase modulation, the phase of a carrier varies directly in pro¬ 
portion to the amplitude of the modulating signal. 


Q26 Use a block diagram to illustrate the hierarchial layout of a 
140 Mbit/s telephone transmission system. (6 min) 

A26 




Mbit/s 


Mbit/s 


Mbit/s 


MUITIPLEXING/OEMULTIPLEXING UNITS 7 


Q27 Explain why digital data cannot be transmitted directly over an 
analogue communication network. (5 min) 

A27 Digital signals, as produced by a computer or data terminal, are 
DC signals. Such signals can be transmitted successfully over short- 
distance cable circuits, but they are severely attenuated and distorted 
over longer circuits. More importantly, the presence of line amplifiers, 
transmission bridges and frequency-division multiplex systems in the 
analogue transmission network also causes serious deterioration of 
digital signals. 

Q28 Fig. 3 represents a complex wave comprising audio frequencies in 
the range 50-20000 Hz. Assuming a minimum sampling rate, sketch below 
this waveform a corresponding typical pulse-amplitude modulated {PAM) 
wave. (# min) 


AMPLITUDE 



Fig. 3 
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BTEC: TRANSMISSION SYSTEMS II ( continued) 


A 28 



[Tutorial note: Minimum sampling rate would be twice the highest fre¬ 
quency present in the complex wave.] 


Q34 A 0 25mV input voltage to an amplifier stage results in an output 
voltage of 40mV. Determine the gain of the stage in decibels. (3 min) 


A34 Gain in dB = 201og 10 ———— 
0-25 mV 

= 44dB. 


Q35 A 6 MHz radio transmitter is connected to an aerial by a length of 
coaxial cable. If the wavelength of a signal in the cable is 0 9 times the 
wavelength of a signal in free space , determine the velocity of the signal in 
the cable. (5 min) 


c 3 x 10 8 
A35 A fr „ splce - j- - - 1q6 . 

= 50m. 

Where /. is the wavelength in metres, c is the velocity of the wave in 
free space in metres/second and/is the frequency in hertz. 

4,c. b , t = 50 X 0-9. 

— 45 m . 

Thus, velocity, v p = 45 x 6 x 10 6 , 

= 2-7 x 10 8 m/s . 


Q29 How can digital signals be represented in 

(a) an amplitude-modulated {AM) system , and 
{b) a frequency-modulated ( FM) system ? 


(i min) 


Q36 Determine the absolute power {dBm) for a signal of 30mW. 

(3 min) 


A29 {a) In AM systems, two discrete carrier amplitude levels are 
used, one representing digital 1, the other representing digital 0. 

(b) In FM systems, the digitals signals, 1 and 0, are represented by 
two separate frequencies. 


A36 


30mW 

Absolute power = 101og 10 -—— 
1 mW 

= 14-8dBm. 


Q30 Explain the term ‘quantum level’. 


Q37 For the circuit shown in Fig. 4 , determine the required gain/loss of 
{2 min) the second amplifier. {3 min) 


A30 Quantum level refers to a standard amplitude level used to rep¬ 
resent a range of signal amplitude. 


Q31 State the function of a pulse regenerator. {2 min) 


A31 The function of a pulse regenerator is to receive attenuated and 
distorted pulses and to restore them to their original form. 


GAIN GAIN GAIN GAIN 

LOSS _rp~j_ _ U3SS_ 1 1 \ I _ LOSS 
32dB L|dj 28dB li—J 38dB 

30dB ? 30dB 20dB 

Fig. 4 

A37 Total gain of the three amplifiers 

= 30 dB + 30dB + 20dB = 80dB. 

Total attenuation of line 

= 32dB + 28 dB + 38dB = 98dB. 

Overall power ratio = 80dB - 98dB = — l8dB. 

An overall loss of 3dB is required and thus the gain of the second 
amplifier is 15dB. 



t> 


Q32 Determine the wavelength of a 50 MHz signal and state any 
assumptions. {2 min) 


c 3 x 10 8 

A23 Wavelength = — = --—, 

/ 5 x 10 

= 6 m. 


Q38 Assuming that no sidebands were suppressed , how many sidebands 
would a frequency-modulated system have? (■£ min) 


A38 An infinite number. 


Where c is the velocity of the wave in free space in metres/second, 
and / is the frequency in hertz. 

The assumption is that the wave is being transmitted through free Q39 A carrier is frequency modulated by a 10 kHz signal. If the modula- 
S p ace> tion index is 4, determine the bandwidth of the system. {3 min) 


Q33 Convert the following power ratios into decibels 


(a) 


— =100 
Pi 



A39 Frequency deviation 

= modulation index x modulating frequency 
= 4 x 10kHz = 40kHz. 

(i min) Bandwidth = 2 x (frequency deviation 4- modulating signal), 
= 2 x 50 = 100kHz. 


A33 {a) 101og 10 100 = 20dB. 

{b) 101og 10 0-5 = -3dB. 


Questions and answers contributed by N. C. Webber 
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SYSTEM HARDWARE 
Microprocessor 

Many common microprocessors are supplied mounted in 40-pin 
dual-in-line packages. The function assigned to each pin varies 
according to the device but a fairly typical example is the Intel 
8085A, shown in Fig. 25. 



The pin connections fall into four groups: 

(а) power supplies (pins 20 and 40), 

(б) the address bus (pins 12-19; 21-28), 

(c) the data bus (pins 12-19), and 

(d) the control and timing signals (pins 1-11; 29-39). 

Note that pins 12-19 perform two separate functions; this is 
achieved by time multiplexing. The logic level of pin 30 (address 
latch enable) indicates whether these pins are being used for 
address or data at any one instance. 

Power Supplies 

A +5 V power rail is required for the 8085A. The rail should 
be stabilised to within ± 5%. A maximum of 1 • 5 W is required. 


The type of circuitry used in the chip determines the supplies 
needed. Most microprocessors use n-channel metal-oxide 
semiconductor (NMOS) field-effect transistor logic circuits, the 
outputs being buffered to operate at transistor-transistor logic 
(TTL) levels. Most recent devices have been designed with 
complementary metal-oxide semiconductor (CMOS) circuitry, 
which operates at lower power and which can now be 
manufactured to operate at acceptably high speeds. 

Other circuits associated with the microprocessor, such as 
memory and input/output devices, normally require 5 V too, 
although additional voltages, typically -5 V, +12 V and -12 V, 
may be needed for some devices. 

Address Bus 

The address bus (Ao-Ais) comprises 16 separate lines with a 
pin connection for each. Since each may be at logic zero or 
ONE, the number of possible permutations of zeros and ones 
on all 16 lines is 2 16 (65 536). Thus the microprocessor can 
distinguish between (or address) 65 536 different memory 
locations. Literature commonly describes this and other similar 
processors as having a 64K memory capacity. The capital letter 
‘K’ denotes 2 10 (1024). More recent processors have 20 or 
more address-bus lines, and so have correspondingly higher 
addressing capability. 

Data Bus 

The data bus (Do-D 7 ) is eight bits wide and provides bi¬ 
directional communication between the microprocessor, 
memory and input/output devices, for both instructions and 
data. The size of this data bus defines the microprocessor as an 
8 bit device. A 16 bit microprocessor is one with 16 data-bus 
lines. 

Control and Supervisory Signals 

The control and supervisory signals fall into four groups: 

(a) System timing , consisting of: 


RESET IN 

(input) 

RESET OUT 

(output) 

HOLD 

(input) 

HLDA 

(output) 
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(b) Input/output , consisting of 

ALE 

(output) 

KT5 

(output) 

WR 

(output) 

IO/M 

(output) 

READY 

(input) 

( c) Status , consisting of 

So 

(output) 

Si 

(output) 

(i d ) Interrupts , consisting of 

INTR 

(input) 

INTA 

(output) 

RST 5.5 

(input) 

RST 6.5 

(input) 

RST 7.5 

(input) 

TRAP 

(input) 


The bar above a signal indicates that the signal is active in 
the low state. 

RESET IN When the reset signal is applied, the program 
counter is cleared, so that on removing the reset signal the 
program starts at location OOOOh- 

RESET O UT This is a system reset signal, initiated by the 
reset signal RESET IN, and synchronised to the microprocessor 
clock. 

HOLD An externally applied signal to indicate that the bus 
is required for other uses. At the end of the current cycle, the 
HOLD is acknowledged and the address bus, data bus and 
various control lines are freed by disabling the tri-state drivers. 

HLDA The hold acknowledge signal, which remains high 
until HOLD is removed. 

ALE The address latch enable signal, occuring at the 
beginning of every cycle. It is used to latch the address into 
memory locations on external devices. 

RD Read signal, indicating that the bi-directional data bus is 
in the input mode. This signal can be used to gate data onto 
the bus from memory or input devices. 

WR Write signal, indicating that the data bus is in the output 
mode. This signal can be used to gate data from the bus into 
memory or output devices. 

IO/M This signal is set high during input and output 
instructions and low during memory transfers. 

READY This line is held low during a read or write cycle by 
the external circuit until the required data is ready for transfer. 
The read or write cycle is completed only when READY goes 
HIGH. 

So, Sj A coded form of status bits which indicate the operation 
to be carried out in the current cycle. The code is given in Table 
8 . 


TABLE 8 


So 

s, 

Action 

0 

0 

Halt. The microprocessor has stopped in 
response to a halt instruction 

0 

1 

I Write 

1 

0 

Read 

1 

1 

i Fetch 


INTR The general-purpose lowest-priority interrupt line, used 
to take in a restart signal at the end of the current instruction. 


INTA The acknowledge sign al, indicating the acceptance of 
the interrupt. It acts as an RD signal. 

RST 5.5, 6.5, 7.5 Three increasing priority interrupt lines 
which are used to generate restart signals to specific locations. 
RST 5.5 and 6.5 are sensitive to a high signal and RST 7.5 is 
rising-edge sensitive. 

TRAP The highest priority interrupt, with automatic restart 
to a specific location. 

Timing 

The clocking waveform that controls the timing of all the 
operations within the microprocessor is usually a two-phase 
non-overlapping waveform as shown in Fig. 26. 
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Fig. 26 

The 8085A microprocessor contains its own clock generator 
but needs an external crystal or resistor-capacitor (RC) network, 
connected to X| and X 2 , to set the internal frequency. The 
internal operating frequency is half the input frequency. 

The CLK(OUT) output is provided for use with the 
surrounding circuitry if required. 

It takes from three to six oscillations of the clock to transfer 
data over the data bus. Each such transfer is called a machine 
cycle. Different instructions require from one to five machine 
cycles for their operation. 

As an example, Fig. 27 shows the operation of a 3 byte 
instruction (STA HHLL) to store the content of the 
accumulator in location HHLL hex. It takes four machine 
cycles (13 clock cycles) to complete this operation. 
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DATA BUS 

OPCODE (STA) 

LOW BYTE OF 
DIRECT 
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Fig. 27 

HIGH BYTE OF 
DIRECT 

ADDRESS (HH) 

CONTENTS OF 
ACCUMULTOR (AAl 


Support Circuitry 

In addition to the processor itself, read-only memory (ROM), 
random-access memory (RAM), data-input and data-output 
devices are required to form a system. Two special hybrid 
support devices, the 8156 and the 8355, are available which 
between them provide all these functions. A complete 
microprocessor system may thus be constructed from just three 
devices, if the 8085A itself is included, but such a system is said 
to be minimal , as it is restricted to very small amounts of 
memory and input/output with these hybrid devices. 

The 8156 chip contains 256 bytes of RAM, three 
input/output ports and a 14 bit programmable interval timer. 
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( a ) 8156 RAM 


Fig. 28 



( b ) 8355 ROM 



Fig. 29 


The 8355 chip contains 2K bytes of ROM and two 
input/output ports. There is an erasable/programmable read¬ 
only memory (EPROM) version available, the 8755A. 

The signals to the two ICs are shown in Fig. 28. The signal 
on the 10/M line determines whether the address supplied to 
the 8156 refers to a RAM location or to an input/output port. 
Each port can be made to operate as an input port or an output 
port, under the control of the 8085A microprocessor. Similarly, 
the timer/counter on the 8156 and the input/output ports on 
the 8355 can be programmed to operate as required by sending 
suitable codes from the 8085A. The interconnections are shown 
in Fig. 29, which also shows how part of the address word is 
used to select the correct circuit by means of the chip enable 
(CE) line. 

The 8156 device is selected when the address lines A 12 -A 0 
are: 

A12 An A10 A9 A.% A7 Af, A5 A4 A3 A2 Ai Ao 
I 0 xxxxxxxxxxx 

X is a ‘don’t care’ state; that is, it may be either ZERO or ONE. 

Similarly, the 8355 device is selected when the address lines 
A i 2 ~Ao are: 

A12 An A10 A9 Ag A7 A6 A5 A4 A3 A2 A| Ao 
0 1 xxxxxxxxxxx 

It can be seen that A 12 turns the 8156 ON or off, while An 
turns the 8355 device ON or off. This arrangement will place 
the 256 bytes of RAM in the 8156 from IOOOh to IOFFh, and 
the 2K of ROM in the 8355 from 0800 H to 0FFF H in the 
memory space. 

If an input or output port is to be used, the IO/M line is 
taken high; if a memory transfer is involved, the IO/M line is 
taken low. 

It is not possible to allocate one address line to a single chip 
enable line with an extended system since there are too few 
address lines. Instead, address coding, with a decoder chip, is 
used. This type of logic is shown in Fig. 30. 



Fig. 30 


Although many support devices are designed for use with a 
specific microprocessor, others are general in their application. 
This is particularly true of memory devices. The more common 
sizes of memories are: 

RAM 2K X 8 bit (static) 

4K X 8 bit (static) 

16K X 1 bit (dynamic) 

64K X 1 bit (dynamic) 

ROM 2K X 8 bit 

4K X 8 bit 
8K X 8 bit 
16K X 8 bit 
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Fig. 31 
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Fig. 32 


Most memory devices do not contain an address latch, so an 
additional device (for example, the 8212) must be included to 
hold the low eight bits of the address steady when the 8085A 
address bus is carrying data. Other common 8 bit processors 
(for example, the Z80, 6800 and 6502) do not need an 8212 
latch as they have separate address and data buses. A typical 
arrangement for the 8085A is shown in Fig. 31. 

The addresses needed to select an individual ROM or RAM 
are given in Fig. 32. 


Dynamic RAMs 

The type of RAM discussed so far has been the static RAM. 
It uses a bistable circuit for each memory element. The state 
of this circuit does not change until new data is stored in it, but 
is lost if the power supply is interrupted. A technique that 
permits denser memory uses an on-chip capacitor for each 
storage element. A charge is stored on the capacitor to indicate 
a ONE; no charge indicates a zero. Known as dynamic RAMs, 
these memories are less expensive than static RAMs of the 
same size and consume less power. There is a problem however: 
the charge leaks off the capacitor and must therefore be topped 
up or refreshed frequently. On-chip circuitry performs this 
refreshing for each cell every time it is read. Full-memory 
refreshing consists of reading a complete sequence of RAM 
address locations within a specified time. In this way, all the 
ONE bits are restored to full charge and the zero bits to no 
charge. Most types of dynamic memories should be refreshed 
at least every 2 ms. Some microprocessors contain refresh 


circuits to simplify the use of dynamic RAMs, while other 
systems use a separate dynamic RAM controller integrated 
circuit (1C). 

Dynamic RAM ICs are usually only ‘one bit wide’, soeight chips 
are required to accommodate a byte-wide data bus. 

Memory Mapping 

The 16 address lines of the 8085A microprocessor allow 65 536 
memory locations to be addressed. In addition, a special 
input/output control capability allows eight of the address lines 
to address uniquely a further 256 (2 8 ) input and output ports. 
These ports are said to be isolated input/output mapped. 
However, provided the system can tolerate the loss of some 
memory locations, input and output ports may be connected to 
the system as if they were memory devices. Input of data is 
then achieved by reading the ‘memory’ address of the input 
port, and output of data by writing to the ‘memory’ address 
of the output port. This scheme is called a memory-mapped 
input/output , and is in general far more common than isolated 
input/output mapping, which is found commonly on 8080, 8085 
and Z80 processors only. 

Fig. 33 shows the memory map of a system with 32K bytes 
of ROM, 31K bytes of RAM, and 1K space for memory-mapped 
input/output. The addressable memory runs from 0000 m to 
FFFFh- The sizes and addresses of these ROM, RAM and 
input/output locations are arbitary except that 8085A systems 
should have ROM beginning at location 0000 h to hold the start 
of the main program. 

The addresses needed to select locations are given in Fig. 34. 
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Fig. 34 


PROMs and EPROMs 

The versatility of the non-volatile ROM has been increased by 
the introduction of a type that can be programmed by the user. 
These memory ICs are known as programmable read-only 
memorys (PROMs). Data is forced (or ‘burnt’) into the memory 
electrically by special high-voltage circuitry. 

A later development allowed the contents of a memory chip 
to be erased by exposure to ultra-violet light. A new program 
can then be written into the memory. These 
eraseable/programmable read-only memorys (EPROMs) are 
very useful in prototype system design, as they permit the 
program to be revised. 

Fig. 35 is a sketch of an EPROM, showing a quartz window, 
which allows ultra-violet light to reach the chip when erasure 
is required. 


SILICON 

CHIP 



Interrupts 

Interrupt is a special feature provided by a microprocessor to 
allow some external and non-synchronised event (for example, 
the user pushes a button) to be acted upon quickly. Just as a 
bell on a telephone alerts the user to the presence of an incoming 
call, so an interrupt alerts the microprocessor to the external 
event. If the telephone had no bell or other calling device, the 
user would be forced to waste time answering the telephone 
every few seconds to be sure of receiving every call and not 
missing any. Similarly, the microprocessor would have to ‘poll’ 
the button continuously to check that it had been pushed. Polling 
is a software process and wastes processor time. 


If interrupt is used, then, when a peripheral device requires 
immediate attention from the processor, an interrupt signal is 
sent to the processor. Within the microprocessor, there is a 
single-bit register, called the interrupt enable , which can be set 
or reset by the programmer. When the interrupt is disabled 
(that is, the bit is set to zero) the processor ignores any attempts 
by peripheral equipment to interrupt the main program (the 
interrupt capability is switched off). If the interrupt is enabled, 
however (that is, the bit is set to one), then when an interrupt 
signal is received, the following events occur: 

1 The processor finishes the instruction that is being executed 
in the main program. 

2 The interrupt is disabled to prevent further interrupts from 
being acknowledged (although high-level interrupts can 
interrupt lower-level interrupts). 

3 The program calls a subroutine. The interrupting device 
supplies the start address of the subroutine. If, for example, the 
interrupt came from a keyboard, a keyboard scanning routine 
could be implemented. 

The series of signals thus becomes: 

1 The interrupt enable register is set by the programmer. 

2 INTR ( interrupt request) is sent to the processor from a 
peripheral device. The 8085A processor can deal with up to 
eight different devices connected to the INTR input but, as only 
one interrupt can be dealt with at any one time, additional 
circuitry is required to resolve any conflict if multiple interrupts 
can occur. 

3 The processor completes the instruction being executed, 
disable s the interrupt, then sends interrupt acknowledge 
(INTA) to the interrupting peripheral device. 

4 The INTA signal acts as an RD strobe which causes the 
peripheral device to put one of eight possible restart code 
instructions on the the data bus. 

5 The restart code is taken into the microprocessor and 
results in the initiation of a subroutine. The address of the 
subroutine is implied by the restart code. In this way, a 
subroutine appropriate to the interrupting peripheral (one of 
eight) can be executed. 

6 Since a subroutine is involved, the return address to the 
main program is, as usual, saved on the stack prior to the start 
of the routine. The interrupt routine must re-enable the interrupt 
and finish with a return instruction. 

In addition to the INTR connection, which is able to deal 
with up to eight peripherals, the 8085 microprocessor has four 
further interrupt connections, each of which can deal with one 
interrupting device. The pins are labelled: 

TRAP 
RST 7.5 
RST 6.5 
RST 5.5 

When an interrupt is applied to one of these pins, the processor 
automatically makes a subroutine call to the required address. 
This address is fixed and is built into the architecture of the 
processor. 


Peripherals 

All microprocessor systems require peripheral devices to enable 
them to react to external information and communicate the 
result to the outside. A simple system would have at least a 
keyboard, for entering data, and a display unit, for displaying 
results. 


Keyboards 

The size of keyboards can vary from a single input key to a full 
typewriter keyboard. A hexadecimal keyboard requires 16 keys, 
plus any required for control purposes, while a full ASCII 
keyboard has 128 keys. To connect each of the 128 keys to one 
bit of an input port requires the use of 16 input ports (of eight 
bits each). A great saving of hardware can be obtained by using 
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Fig. 36 


a software scanning technique; the principle is shown in Fig. 36. 

The keys are arranged in a matrix and interconnect column 
lines and row lines when pressed. An output port drives the 
columns, and an input port reads the rows. The scanning 
program sets the first (0) column low and the remaining 
columns high at the first scan cycle. The input port is then 
examined for a LOW. Column 1 will be set LOW and column 0 
and the remaining columns set high for the next step. In this 
way, all the columns are scanned in turn. When a low is 
detected at the input port, both the row and column are 
noted; this identifies the depressed key. Unfortunately, double or 
multiple key closures can cause incorrect identification, but 
this effect is largely eliminated by setting up the keys in an 
appropriate way. Keys adjacent physically are not made 
adjacent in the electrical matrix layout. 

In the example (Fig. 36), four keys are checked at each step. 
In practice, up to eight keys can be examined at a time by this 
method. The process is so fast that the entire keyboard can be 
checked in much less time than the fastest possible rate of 
operator key depression. 

Debouncing 

A factor that must be considered when a keyboard is read is 
switch contact debouncing. When a key is pressed, the contacts 
do not make one clean closure. When the metal contacts first 
touch, they bounce and the switch becomes open again. This 
bouncing continues for up to typically 1-100 ms, depending on 
the switch construction, until the contacts settle down. A similar 
effect occurs when the switch is opened. 

The effect of contact bounce is shown in Fig. 37. It could 
cause the microprocessor to think that the key was pressed 
several times, when in fact it was pressed only once. The 
oscillations at the beginning and end of each pulse must be 
ignored. This can be done by adding debounce circuits to the 
input port, or it can be done entirely by software. The hardware 


KEY KEY 

PRESSED RELEASED 



Fig. 37 


solution usually uses a circuit with a time constant longer than 
the switch bounce period, or cross-coupled latches. The software 
solution is to read the status of the switch more than once over 
a period longer than the bounce period. If the switch is 
sometimes open, sometimes closed, it is clear that it is either 
bouncing or that interference noise from adjacent switches or 
circuitry may be present (a fairly common problem). If its 
status is consistent, it is accepted. Best reliability is obtained by 
using software and hardware approaches. 

Output Displays 

A simple output display consists of light-emitting diodes (LEDs) 
connected to an output port. This is shown in Fig. 38. 


+ 5V 



Each output from the output port simply connects to one of 
the LEDs. Resistors limit the current. When the output is low, 
current is drawn through the LED and it lights. 

Another useful display uses seven LED segments plus a 
decimal point in a seven-segment display. There is a connection 
to each of these eight LEDs, plus a common connection. A 
character is displayed by applying a low-level signal on the 
common connection and a high-level signal on the segment 
connections that are required to be lit. 

Software can eliminate the need for each digit to have its 
own decoder and drive circuit. Fig. 39 shows the arrangement. 

The segment information for the first digit is sent to the 
segment port (port A), where it is latched. The latch of the 
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Fig. 39 


digit port (port B) is then set to activate only the first digit’s 
common connection. 

When the first digit has been illuminated for a given amount 
of time (controlled by a timing loop in the program), it is turned 
off via the digit port. The segment information for the next digit 
is then set and the next digit is enabled by the digit port. This 
process is repeated indefinitely, with each digit lit in turn. The 
process happens so rapidly that they all appear to be on at the 
same time. 

Peripheral Interface Adapter 

A simple input or output port may be made with a simple TTL 
latch or a device such as the 8212 octal latch. The 8255 is an 
example of a more complex and more flexible device which Intel 
has called a peripheral interface adapter (other manufacturers 
have devised other names for similar devices; for example, 
programmable peripheral interface , versatile interface 
adapter). The 8255 is a 40-pin IC which contains three 8 bit 
input/output ports, as shown in Fig. 40. 



8 LINES 
> INPUT/ 
OUTPUT 


LINES 
)> INPUT/ 
OUTPUT 


LINES 
INPUT/ 
OUTPUT 


Fig. 40 


Each of the ports is used either as an input port or as an 
output port. The direction of each port is controlled by a control 
register on the chip. An initialisation program, executed at the 
start of the microprocessor’s program, sets this control register 
to select the desired combination of input and output ports. 

These chips have the advantage of providing several ports in 
one IC. They are also very flexible, since the nature of each 
port may be changed by the software. In addition, they usually 
include some control logic for synchronising communication 
and interrupt control. 

Another common type of interface device provides serial 
inputs and outputs (see Fig. 41). These chips are commonly 
referred to as universal asynchronous receivers and transmitters 
(UARTs). They accept a byte of data from the microprocessor 
and then output it one bit at a time. They operate much like a 
parallel-in/serial-out shift register. In addition, start, stop, and 
other synchronising and control bits can be automatically 
inserted. The format is controlled by a control register similar 
to the one described for the 8255. UARTs can also handle data 
in the other direction, converting a serial bit stream into a 
parallel form suitable for direct use by the microprocessor. In 
this mode, they operate much like a serial-in/parallel-out shift 
register. These devices are also called serial input output (SIO) 
or asynchronous communications interface adapters (ACIAs). 


r 


n 



1 bit DATA 
STREAM IN 


1 bit DATA 
STREAM OUT 


Fig. 41 


Serial input/output is most commonly used for 
communication between a microprocessor-based system and a 
peripheral such as a visual display unit (VDU) or a printer. 
Since the information is in serial format, only two wires are 
needed to interconnect the devices. 

A wide variety of specialised interface devices is also available, 
including floppy-disc controllers, CRT display controllers, direct 
memory access controllers and keyboard and display controllers. 
Some of these devices may be even more complex electronically 
than the microprocessor which controls the system. Their 
purpose is to perform a dedicated function efficiently, and thus 
free the main processor for other tasks. 


INSTRUCTION SET 

This section lists alphabetically all the instructions for the Intel 
8085 microprocessor. Each is fully described complete with 
examples and hints to help the beginner. Some instructions are 
very rarely used and these are marked with a single star. More 
common instructions carry two stars and the most commonly 
used (in the author’s judgement) carry three stars. 

To assist any programmer who may be familiar with one of 
the other common 8 bit microprocessors, the Z80, the 6800 and 
the 6502, the related mnemonics for each of these devices are 
given. 
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Key of Symbols used 



(register) 

the contents of the register 

V 

logical OR 

((register)) 

the contents of an address 

V 

logical EXCLUSIVE OR 


pointed to by the register 

H 

hexadecimal number denoted 


becomes 

B 

binary number denoted. 

<HI) 

the high order 8 bits 
of a 1 6 bit value 

D 

destination register 

<L0> 

the low order 8 bits 

S 

source register 


of a 16 bit value 

r 

register 

+ 

arithmetic add 

r 1 

register 1 

- 

arithmetic subtract 

r 2 

register 2 

A 

logical AND 

rp 

register pair 


ACI Add Immediate to A 

Format ACI 8-bu data 

CE h 
t ' 

, operation .mmediate' 

V code data 


Carry 

★★★ 

8080'5 

: ^ | 

Bytes 

2 1 

Machine Cycles 

‘ 7 j 

Clock States 

All ! 

Flags Affected 


Registers Affected 


ADC M Add Memory to A 

Format: ADC M 

. 





Carry ★ ★★ 


8080/5 


- - - 

Bytes 

2 

Machine Cycles 

7 

Clock States 

All 

^ lags AMetted 

A 

Registers Affected 


(A) • (A) • (byte 2) * (CVI 


The accumulator is added to the data in byte 2 and the carry 
flag. 

: The result is placed in the accumulator. 


Suppose (A) 
ICY) 


32 m 

1 

plus 3 Bh 


No carry out sets CY 

B 7 0 sets S 


0011 0010 8 
’b 

0011 1011 e Odd parity sets P 


Non-aero result sets i 
No can y sets AC 0 


(A) - (A) ♦ <M) ♦ ICY) 


The accumulator is added to the data in the memory location 
I whose address is defined by the contents of the H and L 
| registers) and the carry flag 
The result is placed in the accumulator. 


Suppose (A) 32 h 

ICY) = 1 


H and L point to a memory location which holds 3 Bh 

ADC M will set (A) = 6 E„ 

viz 32 h 0011 0010 B 

1 !b 

plus 3 B h 0011 1011 b Odd parity sets P = 

.0110 11108 ^ 


6 E„ 


n 


No carry out sets CY : 0 1 i Non-zero result sets z 
B 7 = 0setsS = 0 J L No carry sets AC = 0 


Comments: A common instruction used for multibyte addition. A previous 

addition of lower order digits may have resulted m overflow into 
the carry flag. This instruction adds any such overflow in at the 
least significant digit. 


Comments: A common instruction used for multibyte addition. A previous 

addition of lower order digits may have resulted in overflow into 
the carry flag. This instruction adds any such overflow in at the 
least significant digit. 


2 80 mnemonic ADC A, data 


6800 mnemonic: ADC 
6502 mnemonic: ADC 


Z 80 mnemonic: ADC A. (HL) 


6800 mnemonic: ADC 
6502 mnemonic: ADC 


AND Truth Table 


X 

Y 

X AY 

0 

0 

0 

0 

1 

0 

1 


0 

1 

1 

1 


OR Truth table 


X 

Y 

X V Y 

0 

0 

0 

_0_ 

1 

1 

1 

0 

1 

1 

1 

1 


EXCLUSIVE OR Truth Table 




BE33I 

| I 


mrwm 

Worn 


■ 

mm 

f k 

■ 

MM 





★ ★★ 

AD D M Add Memory to A 


★ ★★ 

8080/5 


Format; ADO M 

8080/5 


1 

Bytes 

i 

1 

Bytes 

1 

Machine Cycles 

[ 86 h j 

” 2 ~ 

Machine Cycles 

4 

Clock States 

/operation's 

7~ ~ 

Clock States 

All 

F lags Affected 

V code / 

All 

Flags Affected 

A 

Registers Affected j 

— 

A 

^Registers Affected j 


ADC r Add Register to A with Carry 

Format: ADC r 


l! 
C 


S B J where ,Y 
tton\ 


010 for r 
011 for r 


101 for r 
111 for r 


IA) • (A) r <r) + (CY) 


I The accumulator is added to the register r and the carry flag. 
The result is placed in the accumulator. 


Suppose (A) 32 h 

(CY) = 1 

(rl = 3 B h 
A 0C r will set I A) 61 
via 32 h 

plus 3 Bh 
6 E„ 

No carry out sets CY = 
87 - 0 sets S 


0011 1011 B J)dd parity sets P 


1 V® 1 1 ®J 11 ®e—| 

0—' i Non-zero result 

= 0-J '—No carry sets AC 


Comments: A common instruction used for multibyte addition. A previous 

addition of lower order digits may have resulted in overflow into 
the carry flag. This instruction adds any such overflow in at the 
least significant digit. 


(A) • (A) 4 (M) 


The accumulator is added to the data in the memory location 
(whose address is defined by the contents of the H and L 
registers) 

The result is placed in the accumulator. 


Suppose (A) = 32 m 

H and L point to a memory location which holds 3B H 
ADD M will set (A) = 6 D H 


vi* 32 H 

plus 3 Bh 

6D h 

No carry out sets CY = 
B, = 0 sets S 


0011 0010b 

0011 1011 B Odd parity sc 




JL 


Non-zero result m 
N o carry sets AC = 


A common instruction used for single byte addition of ACD M 


Z 80 mnemonic: ADC A, 


6800 mnemonic: n/a 
6502 mnemonic! n/a 


Z 80 mnemonic ADD A. (HL) 


6800 mnemonic: ADD 
6502 mnemonic: n/a 








ADD r Add Register to A 


★ ★★ 


ADI 


Add Immediate to A 


★ ★★ 


ADD r 

_ i 


10000 % | where S 


/operations 


000 tor r - B 
001 for r - C 
010 for r D 
011 for r = E 

100 for r - H 

101 for r = L 
111 for r = A 


8080/5 

1 

Bytes_ J 

1 

Machine Cycles 

4 

Clock States 

All 

Flags Affected 

A 

Registers Affected | 


The accumulator is added to the register r. 
The result is placed in the accumulator. 


Suppose (Al = 32 h 
< r| 3 B h 


ADD r will set (A) 6D H 


32 h 

3B h 


0011 0010B 

0011 1011 B Odd parity sets P = 0 


, 011 * 1101 $^ 

0 -J ■ : Non-zero result sr 

, 0 1 'No carry sets AC 


A common instruction used for single byte addition of ADC r. 


Z 80 mnemonic: ADD A. r 


6800 mnemonic: ABA (similar) 
6502 mnemonic: n/a 


ANI 


AND Immediate with A 


★ ★★ 



2 

- Bv, * S _] 

2 

Machine Cycles 

7 

Clock States 

All 

F'ags Affected 

A 

[ Registers Affected 


1A1 - (A) A(byte 2) ~| 


^Logically AND the accumulator with the data in byte 2. 
| The result is pl aced in the accumulator. 


Suppose (A) = 97 M 


ANI F0 h will set (A) 

= 90h 

viz 97 h 

1001 0111 B 

AND F0 h 

1111 0000g Even parity sets P 

90h 

. 1001 0000 

. I I | V .. 1 


CY always set 0 
B 7 = 1 sets S - 1 -I 


Non-zero result sets z 


Carry has no meaning in the case of a logical operation and so the 
setting of the CY and AC flags is irrelevant (but the previous 
setting is lost). 

Logical AND is most frequently used to zero (mask off) 
un-needed data. In the above example, if F0 H is the mask then it 
will zero bits B 3 Bj B, and Bg in the accumulator and leave the 
rest unchanged. 


Z 80 mnemonic: AND data 



2 

Bytes 

2 

Machine Cycles 

7 

Clock States 

All 

Flags Affected 

A 

Registers Affected 


(A) - (A) ♦ (byte 2) 


I The accumulator is added to the data in byte 2. 
The result is placed in the accumulator 


Suppose (A) = 32h 
ADI 3B h will set (Al 


viz 


32„ 

38 h 


001 1 0010g 

0011 10118 Odd parity sets P 


6D H 

No carry out sets CY I 
B 7 - 0 sets S * 


1 

Non-zero result si 


No carry sets AC 0 


A common instruction used for single byte addition cf ACI 


Z 80 mnemonic: ADD A. data 


6800 mnemonic: ADD A/ADD B 
6502 mnemonic n/a 


ANA M AND M with A 


★ ★★ 


ANA r AND Register with A 


★ ★★ 


Format: 


Meaning: 


ANA M 8080/5 


1 

Bytes 

2 

Machine Cycles 

7 

Clock States 

All 

Flags Affected 

A 

Registers Affected 



(A) - (A) A(M) _ 


| Logically AND the accumulator with the data in the memory 
j (whose address is defined by the contents of the H and L 
, registers). 

1 The result is placed in the accumulator._ 




Suppose(A) = 97 h 

H and L point to a memory location which holds F0 H 

ANA M will set (A) 90 H 

viz 97 h 1001 011 1 b 

AND F0 h 1111 0000 b Even parity sets P 1 

90 h «J 001^00008^ 

CY always set 0-J j Non-zero result sets z 0 
B 7 1 sets S 1-1 1_AC undefined 

(set to 1 for 80851 




Meaning: 


ANAr 

10100% | where S 000 for r B 
001 lor r - C 
010 lor r = D 
011 lorr = E 

100 for r = H 

101 forr = L 
111 for r = A 



8080/5 

1 

Bytes 

1 

Machine Cycles 

4 

Clock States 

All 

Flags Affected 

A 

Registers Affected | 


(A) 


(A)A(r) 


Logically AND the accumulator with the register r. 
The result is placed in the accumulator 


Example. Suppose (A) = 97 M 

(N = F0„ 

ANAr will set (A) = 90 H 


viz 97 h 

AND F0 h 


1001 0111 B 

1111 0000 B Ev en parity sets P 


90h ^1001^00000 

CY always set 0 Non-zero result sets z 

B 7 1 sets S 1 -* Lac undefined 

(set to 1 for 8085) 


0 


Comments. Carry has no meaning in the case of a logical operation and so the 

setting of the CY and AC flags is irrelevant (but the previous 
setting is lost) 

Logical AND is most frequently used to zero (mask off) 
un-needed data. In the above example, if F0 H is the mask then it 
will zero hits B 3 B 2 Bi and B® in the accumulator and leave the 
rest unchanged. 

Z 80 mnemonic AND I MU 6800 mnemonic AND A AND B 

6502 mnemonic AND 


Comments Carry has no meaning in the case of a logical operation and so the 

setting of the CY and AC flags is irrelevant (but the previous 
setting is lost). 

Logical AND is most frequently used to zero (mask off) 
un-needed data. In the above example, if F0 h is the mask then it 
will zero bits B 3 B ? 8) and Bg in the accumulator and leave the 
rest unchanged. 

Z 80 mnemonic: AND r 6800 mnemonic: n/a 

6502 mnemonic: n/a 






















CM 


Call Subroutine if Minus 


CMA 


Complement the Accumulator 


★ 


Format: CM (16-bit address) 

i 


i‘.c r , in 


of addi 

V_/ 


8085 

19/18 

If S = 1 as for CALL 


8080 


3 

Bytes 

3/5 

Machine Cycles 

11/17 

Clock States 

none 

Flags Affected 

none/SP, PC 

j Registers Affected 


If the sign flag is set to 1 (denoting minus) a call to the sub¬ 
routine defined by bytes 2 and 3 is performed and the longer 
machine cycles and clock states apply, See CALL for details. 
Else the instruction is not executed and control passed to the 
next instruction. _ 


★ ★ 




CMA 



^operation'', 
y code / 


Machine Cycles 
: Clock States 


Meaning: T_ | A >’ |A> 1 


The contents of the accumulator is complemented ie 0’s become 
I s and 1's become 0 s ___ 


Example: 


If (A) 0 A h 

CMA will set (A) F5 H 

wi z 0 A h 

Complement F5 h 


00001010 B 
till 0101B 


Comments: This instruction is seldom used. If you intend to use it it will 

probably be to process a negative number in a signed arithmetic 
calculation, in which case you will be competent enough to 
require no example! 


Comments: This is a logic instruction which finds occasional use. If. for 

instance a CMA were followed by INR A we produce the 
■'2's complement" form ot a number This might find a use for 
changing a 2's complement negative number back to a positive 
form. See SUB for further comments. 


Z 80 mnemonic: CALL M, address 


CMP M Compare A with M 

Format: CMP M 



6800 mnemonic: n/a 
6502 mnemonic: n/a 


Z 80 mnemonic: CPL 


6800 mnemonic: COM 

6502 mnemonic: Use EOR s$FF 


8080/5 

★ ★★ 

1 

Bytes 

2 

Machine Cycles 

7 

Clock States 

All 

Flags Affected 

none 

Registers Affected 


CMP r 


Compare A with Register 





000 for r = 
001 for r = 
010 for r = 
011 for r = 

100 for r = 

101 for r = 
111 for r = 


★ ★★ 


8080/5 


1 

1 

Bytes 

Machine Cycles 

4 

All 

Clock States 

Flags Affected 
Registers Affected 


Meaning: 


Flags set for (A)-(M) 


Meaning: 


| Flags set for (A) - (r) | 


The data in the memory (whose address is defined by the con¬ 
tents of the H and L registers) is subtracted from the accumulator 
and the flags set according to the result. The accumulator is not | 
changed and the result itself is discarded. 


The data in the register r is subtracted from the accumulator and 
the flags set according to the result. The accumulator is not 
| ch anged and the result itself is dis carded. _ 


Example. 


Comments: 


MV! M. data 1 
INX H 

MVI M, data 2 
INX H 

MVI M, data 3 
CALL KEYS 
CMPM 

JZ ROUTINE 3 
DCX H 
CMP M 

JZ ROUTINE 2 
DCX H 
CMPM 

JZ ROUTINE 1 


Establish a look-up table. 


Get a character into A from keyboard. 
Is this character - data 3? 

Yes jump to Routine 3. else 

Is this character = data 2? 

Yes jump to Routine 2, else 

Is this character = data 1 ? 

Yes jump to Routine 1. else ... 


This example demonstrates a typical use. Note how the zero flag 
is tested after each use of CMP M but that the accumulator need 
not be reloaded as it is not changed. 

CMP M is very similar to SUB M The difference is that the 
accumulator is not changed by CMP M. 

Usually only the setting of the zero flag when (A) = (M) 

or the carry flag when (A) < (Ml 

is of interest. 


Example. Refer to CPI and CMP M for typical uses of compare instructions. 


Comments: CMP r is similar to SUB r. The difference is that the accumulator 

is not changed by CMP r. 

Note If (A) = (r) the zero flag is set to 1 
(A) < (r) the carry flag is set to 1. 


Z 80 mnemonic: CP (HLI 


6800 mnemonic: CMP 
6502 mnemonic: CMP 


Z 80 mnemonic: CP 


6800 mnemonic: COM/CPX 
6502 mnemonic: CPX/CPY 























CNC 


Call Subroutine if no Carry 


CNZ 


Call Subroutine if not Zero 


★ 



Meaning: 


8085 

8080 



3 

Bytes 


3/5 

Machine Cycles 

1 9/18 

11/17 

Clock States 


none 

Flags Affected 


none/SP, PC 

Registers Affected 


If CY = 0 as for CALL 


If the carry flag is 0 lie not set) a call to the instruction defineo | 
by bytes 2 and 3 is performed and the longer machine cycles and 
clock states apply See CALL for details. Else the instruction is ( 
not executed and control passes to the next instruction._- | 


Example: MVI A. data 

CMP M 
CNC SU8 


Put data into A 

If (data - I Ml) < 1 then set CY flag = 1 
Call subroutine if CY flag = 0 
te if (data - (M)1 > 1 


CNZ (16-bit address) 

1 



8080/5 


3 

Bytes 

3/5 

Machine Cycles 

11/17 

Clock States 

none 

Flags Affected 

none/SP, PC 

Registers Affected 


If Z * 0 as for CALL 


If the zero flag is 0 (le not set, denoting not-zero result) a call to 
the instruction defined by bytes 2 and 3 is performed and the 
longer machine cycles and clock states apply. See CALL for 
details. Else the instruction is not executed and control passes to 
the next instruction. _ 




MVI A. data 
CMP M 
CNZ SUB 


Put data into A 
If data * IM) set zero flag - 0 
Call subroutine if no match 
ie if data » (M) 


Comments: Rarely finds any use. 


Comments: The example above shows a typical use. In this case SUB might 

for instance be an error correcting subroutine. 


Z 80 mnemonic: CALL NC. address 


6800 

6602 


Z 80 mnemonic: CALL NZ, address 


6800 

6502 


CPI 


Compare A with Immediate Data 


★★★ 


CPO 


Call Subroutine if Parity Odd 


Format: CPI (8-bit data/ 

8080/5 

, 1 , + 

2 

Bytes 

i f r-l I 

2 

Machine Cycles 

/operat iorvj mmediate\ 

\ code J x^data 

7_ 

All 

none 

Clock States 

i Flags Affected 
Registers Affected 

Meaning: 

| Flags set on (A) - (byte 2) | 


The data in byte 2 is subtracted from the accumulator and the 
flags set according to the result. The accumulator is not changed 
and the result itself is discarded.__ 



Meaning | If P • 0 at for CALL | 


If the parity flag is 0 (ie not set. denoting odd parity) a call to 
the instruction defined by bytes 2 and 3 is performed and the 
longer machine cycles and clock states apply. See CALL for 
details. Else the instruction is not executed and control passes 
to the next instruction._ 


Example: 


GET CALL KEYS 
CPI "Y" 

JZ ROUTINE 1 
CPI "N" 


JZ ROUTINE 2 
JMP GET 


Get the users input into A. 

Is input an ASCII Y for Yes’ 

Jump to Routine 1 if answer was Y. 

Is input an ASCII N for No? 

Jump to Routine 2 if answer was N. 

If neither Y or N, input is invalid so go 
and reget input. 


This example demonstrates a very common use. The subroutine 
KEYS we will assume returns the ASCII code corresponding to 
key pressed by the user in the accumulator. The CPI instructions 
then test the input against the only two valid replys permitted 
but does not corrupt the contents of the accumulator. 


Comments: CPI is very similar to SUI. The difference is that the accumulator 

is not changed by CPI. 


Comments: This instruction is seldom used. 


Z 80 mnemonic: CP data 


6800 mnemonic: CMP 
6502 mnemonic: CMP 


Z 80 mnemonic: CALL PO, address 


6800 mnemonic: n/a 
6502 mnemonic, n/a 


CP Call Subroutine if Plus 


CPE 


Call Subroutine if Parity Even 


★ 



8085 

8080 



-is"- 

Bytes 

Machine Cycles 

19/18 

r n/17 

Clock States 


none 

none/SP. PC 

Flags Affected 
Registers Affected 


If S = 0 as for CALL 


If the sign flag is 0 (ie not set, denoting plus) a call to the 
instruction defined by bytes 2 and 3 is performed and the longer 
machine cycles and clock states apply. See CALL for details. 

Else the instruction is not executed and control passes to the 
next instruction._ 


Format: CPE (16-bit address) 



of address 


8085 8080 



_3_ 1 

1 Bytes 


3/5 

Machine Cycles 

[9/18 

11/17 

, Clock States 


none 

Flags Affected 


none/SP. PC 

| Registers Affected 


Meaning: 


If P - 1 as for CALL 


I If the parity flag is 1 (te set. denoting even parity) a call to the 
instruction defined by bytes 2 and 3 is performed and the longer 
machine cycles and clock states apply. See CALL for details. 
Else the instruction is not executed and control passes to the 
next instruction. _ 


This instruction is seldom used. 


0 mnemonic: CALL P. address 


6502 mnemonic: n/a 


This instruction is seldom used 


Z80 mnemonic: CALL PE, address 


6800 mnemonic: n/a 
6502 mnemonic, n/a 


cz 


Call Subroutine if Zero 


CZ (16-bit address) 

_L i 


[ cc " I : 1.1 



8085 

8080 



3 

Bytes 


3/5 

Machine Cycles 

[9/18 

11/17 

Clock States 


none 

Flags Affected 


none/SP. PC 

| Registers Affected 


If Z - 1 as for CALL 


I If the zero flag is 1 lie set denoting zero result) a call to the 
\ instruction defined by bytes 2 and 3 is performed and the longer 

(machine cycles and clock states apply. See CALL for details. 
Else the instruction is not executed and control passes to the 
next instruction. 


MVI A. data Put data into A. 

CMPM If data = (M) set zero flag = 1. 

CZ SUB Call subroutine if there was a match 

ie if data = (M). 


Comments: This example shows a typical use. In this case SUB might for 

instance be an output routine to be performed only when a match 
between data and a look up table in memory is found. 


Z 80 mnemonic: CALL Z, address 


6800 mnemonic: n/a 
6502 mnemonic: n/a 













































DAA 


Decimal Accumulator Adjust 


DAD rp Double Add rp to H and L 


1 1 

I Bytes 

j 1 

Machine Cycles 

4 

1 Clock States 

r ah 

F lags Affected 

A 

[ Registers Affected j 


The value of the accumulator is adjusted to form two Binary 

Coded Oecimal (B.C.Dt digits. 

It operates according to the following rules:- 

1. If the value of the least significant 4 bits of the accumulator 
is greater than 9 OR if the auxiliary carry flag is >et, 6 is 
added to the accumulator. 

2. If the value of the most significant 4 bits of the accumulator 
is NOW greater than 9. OR if the carry flag is set. 6 is added 
to the most significant 4 bits of the accumulator. 


Put 99 into A 

Add 52 to it. result EB H 

Adjust EB to 151 


99 (3.C.D) 1001 1001 

52 IB.C.D) 0101 0010 

EB h (nor B.C.DI 1101 1011 


i - 1 — 

]51 (B.C.O) ^0101 0001 



Load ild ta 1 into rp. 
Load data2 into H. I 
Add datal to data2. 


LXI 'p. 16-bit data) 

LXI H. 16-bit data2 
DAD rp 

If 16-bit datal » ABCD H 
16-bit data2 6789 H 


datal ABCDh 1010 10111100 110 

plus data2 6789 H 0110 01111000 100 


NB Carry occurs 
here but AC 


for correct operation, DAA must always follow the arithmetic 
nstruction it adjusts. This instruction must itself only involve 
BCD numbers. 

DAA references the AC flag and although all flags are set by it 
only the CY flag is of any significance. 


Comments: This instruction allows the memory pointer registers H. L to be 

indexed relative to a second 16-bit register and gives the 8080/5 
limited but useful indexed addressing A spin-off use is a very 
simple 16-bit addition instruction. DAD H doubles the contents 
of H. L which is equivalent to a 16- hit shift left operation. 

Z 80 mnemonic: ADOHL.rp 6800 mnemonic: n/a 



DCR M Decrement 


★ ★★ 


DCR r 


Decrement Register 


★ ★★ 



Meaning. 


8080'5 


r , 

I Bytes 

1 3 

Machine Cycles 1 


, Clock States 

r, s. p. 

AC 1 Flags Affected 

M 

| Registers Affected j 

d 

(Ml * (M> - 1 


Format. DCR r DCR r 



8085 

8080 

_ J_ 




1 Bytes 

! 000101 B J where D 

000 for r 

B 

,_L 

1 i Machine Cycles 

^ -- 

001 lor r 

= C 

| 7 J 

6 Clock States 

^/operations 
\ code ) 

010 for r 
01 1 for r 

D 

E 

"I 1 - 

S, P. AC ! Flags Affected 


100 fci i 

- H 


r ' Registers Affected 


101 for r 

L 




111 for r 

A 



Meaning: 



r 

(r) (r) - 1 


The data in the memory location (whose address is defined by 
the contents o! the H and L registers) is decremented by one. 


| The data 


the register r is decremented by one. 


Example: Suppose H and L point to a memory location which contains 

F3 h *e (M) = F3 m 


Example: Suppose (r) F3 H 

DCR r will set (r) F2 H 


DCR M will set (M) = F2 H 

Note that a 2*s couplement addition is performed for the sub¬ 
traction but this is only important for the setting of the 
flags 


v.r F3 h 

plus FF h 

Lf2H 

Carry NEVER affected 
B 7 = 1 sets S 


Comments: 


1111 0011 B 

1111 1111 9 Odd parity sets P 0 
1J11HWUV 

Non-zero result sets z 0 
1 J Carry sets AC = 1 



The carry flag is not affected. 

Decrementing (M) 00 H wraps it round to (M) FF H 


Note that a 2's couplement additon is performed for the sub¬ 
traction but this is only important for the setting of the 
Hags 


viz F3„ 11 

plus FF h >1 

lf 2 H 1J1 

Carry NEVER affected J 

B 7 = IsetsS 1 1 


1 0011 B 

1 1111b Odd parity sets P 0 

100i0 H ; 

1 Non-zero result sets / 0 

Carry sets AC - 1 

fNB 2's complement 
of 01 H is FF h 


Comments: The carry flag is not affected. 

Decrementing (rl - 00,, wraps it round to (r) FF M 


Z 80 mnemonic: DEC (HL) 


6800 mnemonic: 
6502 mnemonic 


DEC 

DEC 


Z 80 mnemonic 


DEC r 


6800 mnemonic: DEX 
6502 mnemonic: DEX/DEY 











El 


Enable interrupts 




Meant 09: 




★ ★ 

8080/5 

[TLI 

Bytes 

1 J.j 

Machine Cycles 

4 

Clock States 

none 

Flags Affected 

1 none 

Registers Affected 


The interrupt system is enabled, but only after the instruction 
immediately after the El instruction has been executed 


Comments: See comments under the instruction Dl El is normally used to 

re-enable the interrupts immediately at the end of an interrupt 
subroutine, but |ust before the RET instruction It will not have 
any effect, however, until the RET instruction has been executed 
so that should a second interrupt request be waiting, the stack will 
have been tidied up before it is serviced. Else, if a system handles 
many interrupts there is a danger of return addresses filling up the 
stack to an unknown depth. 

2 80 mnemonic: El 6800 mnemonic CLl 

6502 mnemonic CLl 


IN Input from port 

Format: IN (8-bit port address) 



8080 6 

★★★ 

nn 

Bytes 

\. 3 Lj 

Machine Cycles 

Li?_ j 

| Clock States 

none 

Flags Affected 

La I 

| Registers Affected 


INR M Increment M 

Format: INR M 



★ ★ ★ 


8080/6 


: 

Bytes 

Machine Cycles 

10 

Z. S. P. AC 

Clock States 

Flags Affected 1 

*.: 

Registers Affected | 


Meaning: 


(A) - 8-bit data 


Meaning: 


(M) 


(M ) ♦ 1 


8-bit data from the specified input port is placed into the 
accumulator _ 


The data in the memory location (whose address is defined by 
the contents of the H and L registers) is increme nted by one. 


Example 


Suppose port XXh has data YY H latched into it 
IN XX H will set (A) = YY„ 


Comments: Note that no flags are set. Follow the IN instruction by CMP A 

(or ANA A or ORA A) to set them. 


Example: Suppose H and L point to a memory location which 

contains F3 h >e (Ml = F3 h 

INR M will set (M) = F4 H 

viz F3 h 1111 0011 B 

1 _1? Odd parity sets P = 0 

F4 H jiii?i0«r=j 

Carry NEVER affected- 1 Non-zero result sets z 0 

B 7 = 1 sets S = 1J I_No carry resets AC 19 


The port specified must be isolated I/O mapped. This is an I/O 
configuration peculiar to 8080. 8085 and Z 80 processors and it 
uses only 8 of the available 16 address lines. This limits the 
number of different ports to 256 for input but in practice this 
is no real limitation as rarely are even this number required. 

Z 80 mnemonic: IN A, (port) 6800 mnemonic: n/a 

6502 mnemonic: n/a 


Comments: The carry flag is not affected 

Incrementing (M) * FF^ wraps it round to (M) 00 h 

Z 80 mnemonic: INC(HL) 6800 mnemonic: INC 

6502 mnemonic: INC 


Bytes 

Machine Cycles 

■ . 

Flags Affected 
Registers Affecti 


The processor is stopped, but registers and flags a 

I fe 

El Turn interrupts on 

HLT Wait lor an interrupt 

Next part of the program 


art the processoi after a HLT it 


(ill If the interrupts are enabled then an interrupt will be 

allowed and after the return from interrupt the processor 
will continue with the instruction that follows HLT 


Thus it is normal to place the instruction El immediately 
before the HLT instruction as illustrated above 


6800 mnemonic: WAI 
6502 mnemonic n/a 



Increment register 


★ ★★ 


1 

Bytes 

1 

Machine Cycles 

where L) 000 for r = B 4 5 

Clock States 

001 for r = C Z. S P. AC 

Flags Affected 

010 for r = 0 

Registers Affected 

100 for r = H 


101 for r = L 
111 lor r = A 


j The data in register r is incremented by one 


INX rp Increment rp 

Format: INX rp 


10 lor rp = H 

11 lor rp = Sf 
where B. 0 and H are 
the 16-bit register pairs 
B. C and D. E and H. L 


I The contents of the 16-bit regisi 
| No flags are affected 


8085 8080 

r I ; Bytes_, 

1 Machine Cycles 

6 5 Clock States 

none Flags Affected 
rp ' Registers Affected 


UP) - (rpl ♦ 1 
icremented by one 


Suppose (r) = F3 m 

r will set (r) - F4 h 

viz F3 h 

1 

F4 H 

Carry NEVE R affected- 

B7 = 1 sets S = 


1 B Odd parity sets P 

*1111^0100g^j 

J I I Non-zero result sets 1 = 

_1 I_No carry resets AC - 0 


Suppose (rp) * ABCD h 
INX rp will set (rp) = ABCE„ 


Note that the one is added to Bg of the LO register of the 
register pair ie from Bg of C or E or L or SP as the case may be 


Suppose (rp) = FFFF H 
INX rp will set (rp) - 0000 


Comments: The carry flag is not affected. 

Incrementing (rl = FF H wraps it round to (r) 00 


Remember that no flags are set. 


Z 80 mnemonic: INC 


6800 mnemonic: INX 

6502 mnemonic: INX/INY 


Z 80 mnemonic . INCrp 


6800 mnemonic n/a 
6502 mnenomc n/a 








Jump if carry 

JC <16-bit address) 


• LO i Hl ' 

jhyt«J j byte 


★ ★★ 


1 3 Machine Cycles 

17M0[ 10 J Clock States 

none Flags Affected 
| PC | Registers Affected I 


Jump if minus 

JM <16-bit address) 

i _ 


^ranoeXf LO LJ 
V c ^ bvte byte I 


-_byte byte 

of address 


5 8080 


★ ★ 

pT 

Bytes 


J-3-. 

Machine 

1 Cycles I 

)! 10 

i Clock States 

none 

j Flags Affected 

l. ?c_ 

1 Register 

s Affected 


1« c - 1 (PCI - (byte 3. byte 2) | 


I » S « 1: (PC) «- (bvte 3. byte 2) 


If the carry flag is set to 1 a lump is made to the routine 
defined by bytes 2 and 3. Else the instruction is not executed 
and control is passed to the next instruction 


If the sign flag is set to 1 (denoting minus) a jump is made to 
the routine defined by bytes 2 and 3. Else the instruction is not 
executed and control is passed to the next instruction. 


The use of this instruction is similar to the CC instructi 
the latter is preferred as it tends to lead to a better stru 
program. 


Comments: The use of this instruction is similar to the CM instruction, but 

the latter is preferred as it tpnds to lead to a better structured 
program. 


Z 80 mnemonic: JP C. addre 


Jump if not zero 

JN2 (16-bit address) 


byte 1 | byte | 

U I 

of address I 


6800 mnemonic: Similar to BCS 
6502 mnemonic: Similar to 8CS 


Z 80 mnemontc: JP M. address 



★★★ 

8085 8060 



j Bytes 

,_L _ 3 _. 

Machine Cycles j 

7 10 10 

] Clock States 

none 

j Flags Affected 

“ PC~ 

] Registers Affected j 


If Z 0 (PC) - (byte 3. byte 2) 


JP(16-bit address) 

| F2 H [ ~ .. . "f~. 


("S^LD HI 
v byte byte 


6800mnemonic: Similar to BMI 
6502 mnemonic: Similar to BMI 


3 

Bytes 

3 

Machine Cycles 

10 

Clock States 

none 

Flags Affected 

w 

Registers Affected | 


US 8: (PC) * (byte 3. byte 21 


If the zero flag is 0 (ie not set denoting a non-zero result) a 
I |ump is made to the routine defined by bytes 2 and 3 Else the 
| instruction is not executed and control is passed to the next 
instruction. 


If the sign flag is 0 (ie not set. denoting plus) a jump is made to 
the routine defined by bytes 2 and 3. Else the instruction is 
not executed and control is passed to the next instruction. 


Comments: The use of this instruction is similar to the CNZ instruction, but 

the latter is preferred as it tends to lead to a better structured 
program. 


The use of this instruction is similar to the CP instruction, but 
the latter is preferred as it tends lo lead to a better structured 
program 


Z 80 mnemonic: JP NZ. address 


Jump if zero 

JZ <16-bit address) 


6800 mnemonic: 
6502 mnemonic: 


6800 mnemonic: Similar to BCE I 

6502 mnemonic: Similar to BPL 



3 

3 

Bytes 

Machine Cycles 

j 7/10 

10 

Clock States 


none 

Flags Affected 


~ PC __ 

Registers Affected 


If the zero flag is 1 (ie set. denoting zero result) a jump is made 
to the routine defined by bytes 2 and 3. Else the instruction is 
not executed and control is passed to the next instruction 



JMP 


Jump unconditionally 


★ ★★ 


JNC Jump if no carry 


★ ★★ 



f 3 

| Bytes 

3 

Machine Cycles 

10 

Clock States 

none 

i Flags Affected | 

j_PC 

Registers Affected 

[Tpo 

*- (byte 3. byte 21 


A lump is made to that part of the program defined by 
bytes 2 and 3 


Comments: Although a structured proqram will in general have no jump 

instructions In it. it is recognised that at machine code/assembly 
level that there will be a need for its use occasionally. In 
general, the CALL instruction is preferred. 


Z 80 mnemonic JP address 


6800 mnemonic: JMP 
6502 mnemonic JMP 


JNC (16-bu address) 

rniJ— ' I ' 


(operating 

code , 


J M- 


8085 8080 

T Bytes 

| Machine Cycles 
_i Clock States 
: Flags Allected 

PC ] Registers Affected ( 


(TTcy ^ 0 (PC) • (byte J. byte 2) 


[ If the carry flag is set to 0 (denoting no carry) a lump is made 
j to the routine defined by bytes 2 and 3. Else the instruction is 
I not executed and control is passed to the next instruction. 


The use of this instruction is similar to the CNC instruction, but 
the latter is preferred as it tends to lead to a better structured 
program. 


0 mnemonic: JP NC. address 


6800 mnemonic. 
6502 it 


Similar to BPL 
Similar to BPL 


JPE 


Jump if parity even 



JPO 


Jump if parity odd 


JPO <16-bit address) 

•*-—t- 




Bytes 

Machine Cycles 

Clock States 

Flags Affected 


Registers Affected ( 


• P 0 (PC) - (byte 3. byte 2) | 


The use of this instruction is similar to the CPE instruction, but 
the latter is preferred as it tends to lead to a better structured 
program. 


If the parity flag is 0 (ie not set. denoting odd parity), a lump 
I is made to the routine defined by bytes 2 and 3 Else the 
instruction is not executed and control is passed to the next 
I instruction 


The use of this instruction is similar to the CPO instruction, but 
the latter is preferred as it tends to lead to a better structured 
program. 


Z 80 mnemonic: JP PE. address 


6800 mnemonic: 
6502 mnemonic: 


Z 80 mnemonic: JP PO. address 


6800 mnemonic: 
6502 mnemonic: 

































★ ★★ LDAXrp Load A indirect 



Suppose memory location 8D12 H contains F3 h 

LDA 8012 h will load the number F3« into A 

LXI H, 8D12 H 
MOV A. M 

will perform the same task but takes more memory to store and 
longer to execute. The H. L register pair is also used but LDA 
suffers none of these disadvantages. 


Comments The contents ol the memory locatio 

destroyed. 


Z 80 mnemonic: LD A. (address) 


6800 mnemonic LDA 
6502 mnemonic: LDA 


MOV M, r Move data to M from r 



LXI H. AD 1 2h Point H, L to memory address AD12 H . 

MVl r. 67 h Put 67 H into r. 

MOV M. r Will set the contents of memory address 

AD12 H = 67 h . 


LDA rp 

! 00t1010 B I wTvere r 00forrp=B 
1 — 1 01 for rp = D 

/ y B and D are the 16-bit 

/operation \ register pa,^ g c and 

V c °d e / n F 



★ ★ 

8080/5 


1 

Bytes 

2 

Machine Cycles 

7 

Clock States 

none 

Flags Affected 

A 

Registers Affected 


The accumulator is loaded with 8-bit data from the memory 
I location defined by the contents of the specified register pair. 
I rp. For this instruction rp may be B. C or D. E only. 


Suppose (rp) = 12AD H 

(12 AD„) « F3 h 


LDAX rp will load the accumulator with F3 h 

Consider the similarity between these two exa 
the same result. 


LXI B. address 
LDAX B 


EXAM P LE 2 
[ LXI H. address 
MOV A. M 


Comments Although the H, L register pair is the principal memory pointer, 

for LDAX (and STAX) both the B. C and D. E register pairs also 
act as memory pointers but with the limitation that only the 
accumulator may be loaded lor stored). 


Z 80 mnemonic. LD A. (rp) 


6800 mnemonic: LDA 
6502 mnemonic: LDA 


MOV r l5 r 2 


Move data to r, from r 2 


- Ill for r, orrj = 
000 for ri or r 2 ■ 
001 for ri or r 2 - 
010 for r, or r 2 - 
011 for r| or r 2 = 
1 00 for r, or r 2 1 
101 for ri or r 2 5 


Suppose (B) = 06 h 


MOV C. B sets (C) = 06 H 

Note (B) = 06 h still 



1 

1 

Bytes 

Machine Cycles 

[X 

5 

Clock States 


none 

Flags Affected 


n 

Registers Affected ] 


LHLD Load H, L direct 



★ ★ 

8080/5 


3 

Bytes_ 

5 

Machine Cycles 

16 

Clock States 

none 

Flags Affected 

H. L 

Registers Affected 


(~(L>- 

((byte 3. byte 2)) 

| (H) • 

((byte 3. byte 2) ♦ 1) 


The H. L register pair is loaded with data horn memory 
The L register is loaded from the memory location defined by tl 
contents of bytes 2. 3 and the H register from the next memory 
| locat ion 


Suppose memory location 12 ADh contains F3 h 
12AE h contains 27 H 


LHLD 12AD„ will sot (H. LI 27F3 H 


Normally you will tend to use LXI H. to load a 16-bH value into 
the H, L registers You will probably only find LHLD useful if 
your program is to sit in ROM but you wish to load H. L with 
data which must first be computed by your program. The 
computed value may then be stored in RAM but accessed by 
LHLD. 

POP H is also similar in its function but loads the H. L registers 
from the top of the stack. 


★ ★★ MOV r, M Move data to r from M 



Suppose H and L point to a memory 


MOV . M will set (r) 67 H 


LXI rp Load immediate rp 


LXI rp. (H 
1 

i-bi t data) 

0010001 b| 

3 

3 


rn 


/operationN 

! LO | 


V.code 

, bvtei 

jbyte j' 



data_J 


where r 00 for rp = 8 

01 for rp = 0 

10 for rp = H 

11 for rp = SP 
where B. D and H are 
the 16-bit register pairs 
B. C and 0. E and HL 


8080 5 

★ ★★ 

ryi 

Bytes 

i 3 

Machine Cycles | 

10 1 

Clock States 

none I 

Flags Affecieti 

rp j 

Registers Affected | 


| (rp) —"(byt e 3, byte 2) 


The register pair rp is loaded with the immediate data in bytes 2 
and 3. byte 2 going to the low order 8 bus ol the register pair 
and byte 3 going to the high order 8 bits. 

Following the mstruction - 


| 01 AD 12 | LXI B. 12AD h I 
(C)= AD h 
(B)= 12 h 

The same result could be achieved with - 


1 MVIC.0AD H 
MVl B. 12„ I 

a byte of code is required. 


Z 80 mnemonic: LD rp, data 16 


6800 mnemonic LDS/LDX 

6502 mnemonic: n/a 


★ ★★ MVl M Move immediate data to M 


MVl M. <8-bit data) 


8080/5 

★ 

2 

Bytes 

~3 

Machine Cycles 

10 

Clock States 

none 

Flags Affected 

M 

Registers Affected | 


The data in byte 2 is loaded into the memory (whose address is 
| defined by the contents of the H and L registers) 


Example: Suppose H and L point to a memory location vrttich contains 

some unknown data. XX. 

MVl M. 06 H will cause the data XX to be overwritten 

with the number 06 H 
The data XX is lost. 


8eware’ Data is moved TO M FROM r which strikes most 
people as the wrong way round. 


The data in the source register r. is not lost. Copy rather than 
move would have been a more appropriate mnemonic. 


In a memory mapped system, this instruction could be used to 
output data from r. 


Z 80 mnemonic: LD (HL). i 


6800 mnemonic: STX/STA 

6502 mnemonic: STX/STY/STA 


Beware 1 Data is moved TO r, FROM r 2 which strikes most 
people as the wrong way round. 

The data in the source register r 2 . is not lost. Copy rather than 
move would have been a more appropriate mnemonic. 

It is possible to MOV A. A or MOV B. B etc but this amounts to 
a no operation. 


Z 80mnemonic: LD ij. r 2 


Beware 1 Data is moved TO r FROM M which strikes most 
people as the wrong way round. 


The data in the memory is not lost 

Copy would have been a more appropriate mnemonic 


In a memory mapped system, this instruction could be used to 
input data to r 


Although it would appear to be a useful instruction it is 
practice rarely used. 


6800 mnemonic: LDX/LDA 

6502 mnemonic LOX/LDY/LDA 


Z 80 mnemonic: LD (HL). data 


6800 mnemonic: n/a 
6502 mnemonic: n/a 























★★★ 


2 

Bytes 

2 

Machine Cycles 

7 

Clock States 

none 

Flags Affected 

V “ 

Registers Alfected 


■VI VI I Move immediate data to r 

Format: MVI r. (8-b«t data) 

100/71 IflijjT" ] where D = 111 for r = A 

JtTT - 000 for r = B 

/ >> / J A 001 for r = C 

(operat.onW.mmed.aiei 0, 0forr , D 

. code J .data V , . r 

- - 011 for r = E 

100 for r = H 

101 for r = L 


I The data in byte 2 is loaded into the specified register r. 


MVI A. 08h put data 08 h into A 

MVI D. EFh put data EF H into 0 

Ml MVI A. 00 will aero the accumulator 

However SUB A or XRA A achieve the same result and 
require just one byte (although the flags are set as well). 

(2) The most rapid way to zero all registers is not to use the 
MVI r. 00 H instruction but rather: 

SUB A aero accumulator 

MOV B. A Move aero to B register 


1 

Bytes 

1 

Machine 

4 

Clock States 

none 

none 

Flags Affected 

Registers Affected 


Comments: A very common instruction. However note the existence of the 

LXI rp instruction. 


I 80 mnemonic: LO r. data 


ORA r OR A with r 

Format: ORAr 

[ 10110^1 where 5 = 


6800 mnemonic: LOA 

6502 mnemonic: LDA/LDX/LDY 


I The processor performs no operation (other than incrementing 
the program counter before fetching the next instruction). 

Surprisingly this instruction does have some uses. 

(1) Instructions may be removed by replacing them with NOP. 
This can be useful if you are developing a program in 
machine code. If the program is in an EPROM, instructions 
may be overwritten readily in this way since most EPROMs 
(2708. 2716 etc) will allow existing 1's to be programmed 
to 0's. Thus any instruction or data may be set to NOP. 

(2) If a program is being written in RAM in machine code, a 
common procedure is to place a number of NOPs between 
each instruction so that if extra instructions are 
subsequently required, they may be patched in to replace 
the NOPs. There is no point in doing this in assembly 
language unless assembty/obfect code loading time is very 
slow. 

(3) The addition of a NOP in a timing loop adds 4 clock stales 
and allows a degree of fine tuning. Similarly MOV A. A 
(which amounts to a NOP) will add 5 clock states. No 
single instruction will take less than 4 clock states, however, 
but you might be able to reach your final goal for the 
delay by careful choice of "NOPs" te we can obtain 4, 5. 8. 

9. 10, 12. 13. 14. 16 etc just using NOP and MOV A. A The 
instruction XTHL performed twice in succession is a "NOP" 
of 32 clock states (36 for the 8080) 

NOP 6800 mnemonic: NOP 

6502 mnemonic: NOP 


OR Immediate with A + + 


001 for r = C 

010 for r D 

011 for r = E 

100 for r = H 

101 for r l 
111 for i ■ A 


1_ Bytes 

1 Machine Cycles 

4_ Clock States 

All Flags Affected 

A Registers Affected. | 


Logically OR the accumulator with the register r. 
| The result is placed in the accumulator 



Example. Suppose (A) = 12« 

(0 = F0 h 


0001 001 0g 

VIHI 00000 Odd parity sets P 

0M Non-rero result sets 2 

1 J LAC always set = 0 


CY always sets = 0 
B 7 = 1 sets S * 1 _ 


0001 0010 B 

V 1111 0000Q Odd parity sets P - 

^1111^00100 zj 

| I Non-rero result sets 2 -- 



ORA M OR A with M 


8060/5 

I 1 J Bytes 


_ _2_ ^4achine^ycles 

_ 7 _Clock States 

_ A'i _ TU9S Affected ~ _ 
A Registers Affected 


Logically OR the accumulator with the data in the memory 
(whose address is defined by the contents of the H and L 
registers). 

The result is placed in the accumulator. 


Suppose (A) = 12 h 

H and L point to a memory !c 


ORAM will set (A) » F2 H 


CY always set = 
Bj = 1 sets S 


0001 0010 e 

V 1111 0000 B Odd parity sets P - (9 
. 11110010b 

0 J Non-tero result sets 2 = 0 


Comments: Carry and auxiliary carry have no meaning in the case of a logic 

operation and these flags are cleared. 

Logical OR is most frequently used to set selected digits to 1 
In the above example. F0 H in the memory sets bits 67. B 6 . 85 
and 84 to 1 but leaves the rest of the accumulator unchanged 


Z 80 mnemonic. OR (HL) 


6800 mnemonic: 
6502 mnemonic 


★ ★★ 


OUT <8-bn port address) 

l°4-.l I 


2 

Bytes 

3 

Machine Cycles 

10 

Clock States 

none 

Flags Affected 

nor* 

Registers Affected 


PCHL Jump to M (Program Counter set to (HL)) 

Format: PCHL 8085 8080 

r^i l-Hs 


1 

1 

Bytes 

Machine Cycles 

5 

none 

~ PC ~ 

Clock States 

Flags Affected 
Registers Affected 


The contents of the accumulator is sent to the specified output 


Suppose (A) = YY h 

OUT XX H will send data YY„ to port XX H 


The contents of the 16-bit program counter is set to the 
contents of the 16-bit H. L register. The next instruction 
executed is therefore that which was pointed to by the memory 
Pointer. This constitutes a jump (to memory). 


LXI H. address 1 
PCHL 


This is equivalent t 
JMP address 1 


Load address 1 into H and L 
Jump to address 1 


Carry and auxiliary carry have no meaning in the case of a logical 
operation and these flags are cleared. 

Logical OR is most frequently used to set selected digits to 1. 

In the above example, F0n in the memory sets bits 87. Bg. B 5 
and B 4 to 1 but leaves the rest of the accumulator unchanged 
Note that ORA A is a quick way of clearing the carry flag and/ 
or setting the 2. P and S flags 


Z 80 mnemonic: OR reg 


6800 mnemonic: 
6502 mnemonic: 


Comments: Carry and auxiliary carry have no meaning in the case of a logica 

operation and these flags are cleared. 

Logical OR is most frequently used to set selected digits to 1 
In the above example. F0 H in the memory sets bits 67. Bg. Bg 
and B 4 to 1 but leaves the rest of the accumulator unchanged. 


Z 80 mnemonic: OR data 


6800 mnemonic: ORA 
6502 mnemonic: ORA 


The port specified must be isolated I/O mapped. 

This is an I/O configuration peculiar to 8060. 8085 and Z 80 
processors and it uses only 8 of the available 16 address lines 
limits the number of different ports to 256 for output but in 
practice this is no real limitation as rarely are even this number 
required. 

Note The contents of the accumulator is not destroyed as a 
result of an OUT instruction. 


Z 80 mnemonic: OUT (port). A 


6800 mnemonic 
6502 mnemonic: 


Comments: This instruction allows the experienced programmer to perform 

some sophisticated, run time computed jumps. However, the 
structure of the resulting program may be poor, resulting in a 
high risk of errors, difficulty for other programmers who have to 
understand the code and probably other problems too. With the 
emphasis today being on optimising code for ease of 
comprehension rather than programming elegance, this instruction 
is best avoided unless its special features are vital. 


Z 80 mnemonic. JP(HL) 


6800 mnemonic: JMP 
6502 mnemonic: JMP 

































o 


RAL 

Rotate A Left Through Carry 

★ ★★ 

RAR 

Rotate A Right 

Through 

Carry 

★ ★★ 

Format: 

RAL 


8080/5 

Format 

RAR 




8080/5 


I „ 1 


1 Bytes 


1 IF^ 1 




1 I Bytes 


1 


1 Machine Cycles 


l ,F * ] 




1 j Machine Cycles 


( operation \ 


4 Clock Stales 






4 | Clock States 


code y 


CY Flag» Affected 


code J 




CY j F iaqs Affected 



A Registers Affected i 






A Registers Attected 




(CY) - (A 7 ) I 






(CY) «- (AqI 




1 A„ , 1) - (A n ) 






(A„) - (A n + 1 ) 

Meaning 



IAqI - (CY) 

Meaning: 





(Ay) *- (CY) 


j The pattern of bits 

in the accumula 

or is shifted one digit to the 


| The pattern of bi 

s >n th 

eacc 

umula 

or is shifted one digit to Ihe | 


■ left. The most sigr 

ificant bit, I Ay) 

shifts into the carry flag, and 


right The least si 

gm Leant bi 

t. (Ao 

shift into the cairy Hag. and 


the carry flag into 

he least sigmfica 

nt bit. (Ao). Only the carry 


the carry flag <nto 

the most s 

gnif ica 

nt bn. (A 7 ) Only the carry 


j flag is affected 


-- _ 


| Hag is affected. 




' 

Example: 

Suppose (CY) 

B 


Example 

Suppose (CY) 






(A) 0011 1000R 


(Al 

0011 

1000 

H 



RAL will set (CY) 

®e 



RAR .»H set (CY 






(A) 

0111 0O01 B 



(Al 


001 

100Q 



CY 

a 7 Ag As 

A 4 A] Ay A, Aq 


v.7 CY 

a 7 

A 6 

A5 

A4 A3 Aj A| Aq 

BEFORE^[_1 J#-[ 

“1*1 ■ 

’ 1.’ 1 » b I .» 


BFFORE A 1 

( 

a 

0 

1 ' 

1 1 j 1 j 0 ’ 0 o [* N 


CY 

a 7 Aq A 5 

A4 A3 Ay A, Aq 

, 1 a T a [ „ 1 ,1 


CY 





ACTCO 1.1 1 

0 J 1 1 - 


a j 

A|> 

A S 

A4 A3 Ay A) Ag 


*■" “ 1 

* 1 1 I V 

’ 1 0 1 9 1 9 1 ’’ 


AFTER 0 

' 1 

| a 

0 

; 1 1 1 ! 1 j 0 ; 0 

Comments 

The left shift in bin 

arv results in a doublina ol the number mil as 








it results in a tenfold increase in dec 

mal This fact is of use m 

Comments Thf right shift »n 

lunar 

resu 

Its m 

halving of the number |us! as 


mull,plication rout 

nos 



•f results »n a ten 

old decrees 

e in de 

cimal. This fact is of use in 


If the instruction f 

LC - rotate A left 


•vision routines 






■s compared with RAL - rotate A le 

t through carry 


II the instruction 

RRC 

rotate A 

,ght 


then n appears tha 

the mnemonics 

»re the wrong way round 1 


is compared with 

RAR 

rotate A 

ight through carry 






then it appears th 

at Ihe 

mne 

monies 

are the wrong way round 1 

Z 80 mnemor 

ic: RLA 

6800 

nnemonic ROL 

Z 80 mnemonic: RRA 



6800 

mnemonic HOR 



6502 

nnemomc: ROL 





6602 

mnemonic: ROR 

RIM 

Read Inter: upt 

Mask 

★ ★ 

RLC 

Rotate A Left 




★ ★ 

Format: 

RIM 


8085 

Format 

RLC 




8080/5 


1 Z0 h I 


1 Bytes 


, * , 




t Bytes 


1 " 1 


1 Machine Cycles 






1 Machine Cycles 


( operation \ 


4 Clock States 






4 Clock States 


V code ) 


none F lags Affected 


(operation^ 




CY Flags Affected 


' - 


A Registers Attected 






A | Registers Affected 

Meaning 



(A) • (interrupt mask) [ 






(CY) - (A ? ) 




1 






(A„.,l - (A„) 


The contents of th 

interrupt mask 

are placed into the 

Meaning: 





(Aq) - (A 7 ) 


| accumulator 


I 












The pattern of bit 

in th 

accumulat 

it is shifted one digit to the 

Example: 

Suppose (interrupt 

mask) 1011 

110 b 


left Tiie most sig 
11*9 drd Ihe least 

uficant dig 

t. (A,) shifts into both the carry 
nit Onlw thP rarru flAn 


RIM will set (Al 

1011 1U0 B 









INTE 

RRUPT MASK 


Example 

Suppose (A) 0fl 





/ ”7 B 6 B s 

84 8j By 

B, 8g \ 








i rr« i - , ? 

1 1 iT 1 

1 l fl 


RLC mil set (CY) 

®B 




i ; l i ■ i 

Oata on pm 5. ♦ ri A 

T! ! 

f 4 ‘ 


(Al 

91 

1 0000 b 


(SID) 

' -RST I II 


CY 

A7 

A6 

A* 

A 4 A 3 Ay A, Aq 

Hl/LO =1/0 ! 

1 - — RST 7.5J mas * 


BEFORE 1 ! 

0 ! 

0 

l ! 

•; k 

Interrupt jRST 5 5- 

pending <{rST 6.5- 1 

1 

Interrupt 

1 = disabled 


V 


► 


) 

flag (RST 7.5 

_] enable 

0 - enabled 







1 = interrup 

pending 

1 * enabled 

after El instruction 


CY 

A; 

A 6 

A* 

A 4 A 3 Ay As Aq 

0 no inter 

upt pending 

9 disabled 

after Dl instruction 


AFTER | oj | 

a 

1 J 

'] 

J ] » | • ] ®'J » | 





Comments 

The left shift in bin 

ary results 

n a doubling ol the number just as 

Comments: 

This instruction ex 

sts for the 8085 

but not the 8080 It provides 


it results m a ten fold me 

ease 

m dec 

mal This fact is of use in 


a 1 bit input port 1 

om pin 5. the Se 

rial Input Oata (SI0) line as 


multiplication rout 

nes. 





well as revealing th 

status of (he m 

errupt masks and Hags. 


II the instruction RLC - 

rotat 

A left 






is compared with RAL 

rotat 

A tef 

through carry 






then it appears that 

the rr 

nem 

>nics a 

e the wrung way round' 

Z 80 mnemor 

•ic: n/a 

6800 

nnemonic: n/a 

Z 80 mnemonic: RLCA 


6800 mnemonic: n/a 



6502 

nnemonic: n/a 




6502 mnemonic: n/a 


Return from Subroutine if Carry 

RC 8085 8080 


1 ;'3 i Machine Cycles 

| 5/11 j Clock States 

none , Flags At fee ted 

none/PC, SP J Registers Affected | 


If CY ~ 1 as (or RET 

| If the carry Hag is set. the return address found at the top of the 
stack is loaded into the program counter and the processor 
| continues execution of the program from that address The 
stack pointer is incremented twice Else the processor ignores 


The example given for RET applies if (CY) - 1 
Else RC is equivalent to a no operation. 


Return from Subroutine Unconditionally ★ ★★ 


I C9 M 1 1 Bv ’ eS 

I ^7. 1 I 3 ! Machine Cycles | 

10 * Clock Slates | 

>peration\ | 

co<le J 0006 I Flags Affected 

L SP. PC | Registers Affected j 

PC iLO> • f(SPI) 
j PC <HI> • USP) * 1) 

| ISP) - (SP) r 2 

^ The return address tound at ihe top of the stack is loaded into | 
the program counter and the processor continues execution of I 
the program from that address The stack pointer is incremented 


Suppose the top of the stack contains the data 9126** and at the 
address 1245 M a return instruction is encountered, then the next 
program step to be executed will be that at 9126 H 


f f HI) <LO> 
BEFORE 1 2 4 5 


Comments: A subroutine should have only one return in it if it is to conform 

to structured programming principles If you use a return 
(conditionally) then you will require a |ump instruction to loop 
back round the subroutine to cater for the return (conditionally) 
failing. 


( (HI) M.O) \ 

AFTER ,0126 

The old PC contents is overwritten with 
data is not destroyed, however, twit the • 
SP to SP’ 


Return from Subroutine if Minus 

RM 8085 8080 

!— 1 


Return from Subroutine if No Carry 


1 

j -- ,/3 

I 5/11 

Bytes 

Machine Cycles 1 

Clock Stales 

|o<L] 

[6/12 

.,3 

5/11 

Bytes 

Machine Cycles 

Clock States 

none 

none/PC. SP 

Flags Allected 

Registers Affected j 

1 operation^ 


none 

none/PC. SP 

Flags Aftecied 

Registers Affected 


II the sign flag is set to 1 (denoting minus), the return address I 
| found at the top of the stack is loaded into the program counter 
l arid the processor continues execution of the program from that | 
1 address. The stack pointer is incremented twice. Else the 
; processor ignores the instruction. 


If the carry flag is 0 lie not set), the return address 
top of the stack is loaded into the program countei 
processor continues execution of the program Iron 
The stack pointer is incremented twice Else the p 
ignores the instruction. 


The example given for RET applies if (si - 1 
Else RM is equivalent to a no operation. 


The example given for RET applies if (CY) 0 
Else RNC is equivalent to a no operation 


A subroutine should have 
to structured programme 
(conditionally) then you < 
back round the subroutin 
failing. 


nly one return in it if it is to conform 
principles If you use a return 
II require a lump instruction to loop 
to cater lor the return (conditionally) 


Comments: A subroutine should have only one return in it if it is to conform 

to structured programming principles. If you use a return 
(conditionally) then you will require a lump instruction to loop 
back round the subroutine to cater for the return (conditionally) 


2 80 mnemonic: RET M 


Z 80 mnemonic: RET NC 


6800 mnemonic: n/a 
6502 mnemonic: n/a 



























SBB r Subtract Register and Carry from A 

8080/5 



I IOOIISb 1 where v 000 for r B 
(Ml forr C 
010 for r D 
011 for r E 

100 forr = H 

101 for r « L 
111 for r = A 


pn 

1 Bytes 

1 i 

1 Machine Cycles 

4 

Clock States 

] All 

Flags Affected 

1 A 1 

Registers Aflected 

# 

] (A) ♦ 

(AI - (r) - (CY) ! 


The data in the register r and the carry flag are both subtracted 
I from the accumulator 
The result is placed in the accumulator. 

Suppose (A) = A5 h 

fr) 47 H 
(CY> = 1 

Then SBB r will set (A) - 50 H 

vi/ As the carry flag is set, the processor first adds 1 to 

the subtrahend (equivalent to subtracting 1 from the 
minuend) The sum now becomes A5 H - 48p 
This is performed using 2's complement addition. 


A5 H 
minus 48 h 


101001O1 B 

10111000b ( 2‘s complement of 




Odd parity sets P - 
Non-zero result sets / 


No carry sets AC 


Carry out = 1 | 

This is complemented J 

soCY 0 

B 7 OsetsS - 0 

This instruction allows multibyte subtraction Note that the cany 
flag sets according to the complement of the carry out This gives 
it the function of a "borrow" flag showing, for instance, in the 
above example that a smaller number was taken from a large' 
number and so no borrow was required ICY 0) 


Z 80 mnemonic- SBC A, r 


6800 mnemonic: n/a 
6502 mnemonic: n/a 


SBI 


Subtract Immediate and Carry from A 

SBI <8-bit data) 8080/5 

■ 4.1 . 

, operation i . immediate) 
code ' data / 


j Bytes 

Machine Cycles 
J Cluck States 
Flags Affected 

I Registers Affected 


j (At • (A) - (byte 2) (CY) 

The data in byte 2 and the carry flag ate both subtracted from 
the accumulator 

The result is placed in the accumulator 

Suppose (A) A5 h 
ICY) = 1 

SBI 47 h win set < A) - 50 H 

vi/ As the carry flag is set. the processor first adds 1 In 

the subtrahend (equivalent to subtracting 1 Irom the 
minuend) The sum now becomes A5 h 48p 
This is performed using 2‘s complement addition 


AS h 1010 0101b 

48h Plus 1011 1000 b I2‘s complement of 

5D h 1*_ 0101 1101a \ 4?h ‘ 11 

t -j 1 ^ Odd parity sets P 0 

Non-/em result sets / 0 


Carry out 
This is complemented 
soCY 0 


Comments This instruction allows multibyte subtraction Note that the carry 

tlag sets according to the complement ol the carry out This gives 
it thelunction ot a "borrow" Hag showing, for instance, in the 
above example that a smaller number was taken from a larger 
number and so no borrow was required (CY 0) 


Z 80 mnemonic: SBC A. data 


6800 mnemonic: SBC 
6502 mnemonic SBC 


SPHL 


Load SP from H and L 


STA 


Store A Direct 


★ ★★ 


8085 

8080 



1 

Bytes 


~ 1 ~ 

Machine Cycles 

□Li 

5 

Clock Slates 


none 

F lags Affected 


~SP~~ 

Registers Affected 


(SP) • (H u 



Bytes 

Machine Cycles I 
Clock States 
Flags Affected 
Registers Affected 


| (Ibyte 3. byte 2)) • (A) | 


j The contents of the 16-bit stack pointer is set to the contents of 
| the 16-bit H. L register 


The memory location defined by the 16-bit address in bytes 2 
and 3 is loaded with the contents of the accuimilatoi. 


Example: LXI H, address 1 

SPHL 


Load address into H and L 
Transfer it to the stack pointer 


is equivalent to 

LXI SP, address T Load address into stack pointer 


Suppose the accumulator contains F3 h 

STA3498 h will set memory location 9834 H (provided it is part 
of the RAM) to F3 H 


LXI H. 3498m 
MOV M. A 

will perform the same function but occupies more memory, takes 
longer to execute and has to use the H. L register pair 


Comments This rarely used instruction is provided to allow data such as 

ASCII code to be accessed as a stack. The relevant address can be 
computed in the H. L registers before SPHL and so give a program 
computed start of stack address. 


Comments: The contents ol the accumulator is not destroyed 


Z 80 mnemonic: LD SP. HL 


6800 mnemonic: n/a 
6502 mnemonic: n/a 


Z 80 mnemonic LD bddr 


6800 mnemonic: STA 
6502 mnemonic: STA 



★ ★ 

SIM 

Set Interrupt Mask 


8080/5 


Format: 

SIM 

8085 

3 

Bytes 


1 

1 

5 

Machine Cycles 


30h 

• 1 

16 ' 

Clock States 



4 

none | 

F lags Affected 


none 

none 

Registers Affected | 


V code j 

none 


SHLD Store H. L Direct 



I ((byte 3. byte 2)) 

I ((byte 3. byte 2) * 1) * 

| The data in register pair H, L is stored in the memory. The 
L register is stored at the memory location defined by the 
contents of bytes 2. 3 and the H register at the next memory 
[ location 


Suppose (H. L) ?7F3 h 


SHID 12AD h will set (12AD m ) F3 h 
( 12AE h ) ?7 m 


This instruction is the converse of l HLD (see comments tot that 
instruction) but is less useful In most cases the instruction 
PUSH H will store (H. L) in a more convenient fashion ana 
certainly it is ashortei and lastet instruction 


Z 80 mnemonic LD (address). HL 


★ ★ 


| Bytes 

Machine Cycles 
. Clock States 
, F lags Affected 
; Registers Affected 


| (interrupt maskl • (Ai j 


I The contents of the accumulator are sent to the interrupt mask 1 
With bil 7 going to the serial output data latch if tvt 6 *s 1 

Suppose (A) T011T110 b 

SIM will set (interrupt mask) 101T 1110 B 
INTE RRUP T MASK 

B 7 B 6 85 84 B 3 B ? B, B 0 


II bit 6 is 1. data I 
is sent to pm 4 
serial output 
data (SOD) 

HI/LO 1/0 i 

Serial output enable 
(SOE) for SOD 
Enable/Disable 1/0 

Undefined 


iff if 


RST 5 5 Interrupt mask 
RST C 5 Interrupt mask 
j I RST 7.5 Interrupt mask 

Mask Set Enable Disable 1/0 
Reset RST 7 5 

Only RST 7 5 is latched by the 
8085 and may be reset by a 1 
on B 4 . a RESET on p.n36or 
by an interrupt service for RST 7.5. 


Note Restart 5 5. 6 5 and 7 5 are hardware interrupt request sign «ls appearing on 
pms 9. 8 and 7 iespectively of an 8085 If the appropriate ir terrupt mask is 
disabled with a 0 then a vectored interrupt (CAL LI is made to address 002C H 
0034 h or 003 C h respectively 

Comments; This instruction exists for the 8085 but not the 8080 It provides 
maskable interrupt facilities and a 1 bit output port on pm 4. the 
Senal Output Data (SOD) line It is overridden by the Dl 
instruction RST 7 5 is provided to allow easy implementation of 
an interrupt requiring no hardware eg a real time dock RST 5 5 
and 6 5 require external latches See also RIM 

Z 80 mnemonic: n/a 


ST0 Set the Carry Flag 


★ 

Format: STC 

8080/5 


j, 


Bytes 


1 

Machine Cycles 


4 

Clock States 

/ TTj/TN 

CY 

Flags Affected 

code / 


Registers Affected 

Meaning: 


(CY) • 1 

j The carry flag is set to 1 


~~~~ ~1 

Example: If (CY) 0 

If (CY) 

1 

after 

after 


STC 

STC 


(CY) - 1 

(CY) 

= 1 


STAX rp Store A Indirect 


★ ★ 



00r0010 B where r 00 lor rp - B 
1 01 font) D 

B and D are the j 
16-bit register 
pairs B. C and D. E 


Bytes 

Machine Cycles 
Clock States 
Flags Affected 
| Registers Affected j 


| The memory location defined by the contents of the specified 
register pair, rp is loaded with the data m the accumulator For 
^ this instruction rp may be B, C or D. E only I 

Suppose the accumulator contains 47 H 

and (rp) 12AD H , a memory location in RAM 

STAX rp will store 47 H in memory location 12AD H 

Consider the similarity between these two examples which cause 
the same result. 


LXI B, address 
[STAX B 


EXAMPLE 2 
LXI H, address 
; MOV M. A 


Although the H. L register pair is the principal memory pointer, for 
STAX (and LDAX) both the B, C and D. E register pairs also act 
as memory pointers but with the limitation that only the 
accumulator may be stored (or loaded I 


STC finds occasional use in arithmetic computation routines. It 
may be used in conjunction with the RAL and RAR instructions 
to alter individual bits of data but usually the logic functions ANA 
ORA or XRA will be easier to use for this 


There is no corresponding ’re 
Instead see CMC 


e carry flag’ instruction. 


Z 80 mnemonic: LD (rp). A 


6800 mnemonic: STA 
6502 mnemonic: STA 


Z 80 mnemonic: SCF 


6800 mnemonic: SEC 
6502 mnemonic: SEC 





SUB M Subtract Memory fi 



★ ★★ 

8080/5 


1 

Bytes 

2 

7 

Machine Cycles 

Dock States 

All 

Flags Affected 

A 

Registers Affected j 


[ The data in the memory location (whose address is defined by 
| the contents of the H and L registers) is subtracted from the 
] accumulator 

I The result is placed in the accumulator. 


Suppose (A) = A5 h 

H and L point to a memory location which holds 47 H 


SUB M will set (A) 5E H 


The subtraction is performed using 2’s complement 
addition 

A5 h 1910(9101 b 

47 h plus 1011 1001 e (2‘s complement of 

5E h 1- 0101 1110i I 4?H> 


J Odd parity sets P 
Non-aero result sets 7 


Carry out = 1 Non-aero result sets 7 0 

This is complemented 
soCY 0 

r- 

B7 = 0 sets S = 0 L ISio carry sets AC * 0 

A common instruction for single byte subtraction of SBB M 
Note that the carry flag sets according to the complement of the 
carry out. This gives it the function of a "borrow" flag showing, 
for instance in the above example that 3 smaller number was 
taken from a larger number and so no borrow was required 
(CY » 0) 


Z 80 mnemonic: SUB (HL) 


6800 mnemonic: SUB 
6502 mnemonic: n/a 


SUB r Subtract Register from A 


★ ★ ★ 


1 1O010.S B I where .S' 000 for r B 

001 for r C 
''operation^ 010 for r 1 D 

. code J 011 for r = E 

- 100foi r-H 

101 for r - L 
111 for r A 


8080 S 

1 Bvtes 

I t Machine Cycles 

4 Clock States 

All Flags Affected 
A Registers Aff ected 


The data in register r is subtracted from the accumulator 
I The result is placed in the accumulator. 


mple: Suppose (A) = A5h 

(r) 47 h 


’action is performed using 2's complement 

1O1O0101 B 

plus 1011 1001 B (2’s complement of 

u_^oioi iii0B— I 47hI 

' I I 

l I Odd parity sets P 0 


Carry out 
is complemented 


A common instruction for single byte subtraction of SBB i. 

Note that the carry flag sets according to the complement of the 
carry out. This gives it the function of a "boirow" flag showing, 
for instance, in the above example that a smaller number was 
taken from a larger number and so no borrow was required 
(CY 0) 


6800 mnemonic: SBA (similar) 
6502 mnemonic: n/a 


Subtract Immediate from A 

SUI >8-bit data) 


/ ope'ationyirnmediatej 
\ code J V data y 


★ ★★ 

8080/5 

f 2 Bytes 

2 Machine Cycles 

7 Clock States 

Am Flags Affected 
A Registers Affected j 


[ (Al - (A) - (byte 2) 


! The data m byte 2 is subtracted from the accumulator 
The result is placed in the accumulator 


Suppose (A) A5 h 
SUI 47 h will set (A) 5E H 


The subtraction is performed using 2’s 
addition 


15 h 1O1O0101 b 

I7h plus 1011 1001 b ( 2's complement of 

'Eh 1*_010”11«r 1 

I Odd parity sets P 0 


Carry out 
This is complemented 
soCY 0 


A common instruction for single byte subtraction ol SBI Note 
that the carry flag sets according to the complement of the 
cany out. This gives it the function of a "borrow’ flag showing, 
for instance, in the above example that a smaller number was 
taken from a larger number and so no bouow was tequired 


6800 mnemonic: SUB 
6502 mnemonic: n'a 


XCHG Exchange Registers D, E with H. L 

Format: XCHG 8080/5 



If (D. El 1234 h 

01, L> 5678 m 

Then XTHG will result ir 

(D, El 5678 m 

(H. LI 1234„ 


Comments: This instruction provides the fastest method of loading the 

memory pointers, H. L with a previously stored address while 
retaining that address for future use. It is. however, not a 
frequently used instruction 


Z 80 mnemonic: EXDE.HL 


6800 mnemonic: n/a 
6502 mnemonic: n/a 


XRA M Exclusive OR A with H 

Format: XRAM 

._ L 


XRA r Exclusive OR A wit 


Exclusive OR Immediate with A 


Bytes 

Machine Cycles 
Clock States 
Flags Affected 
Registers Affected 


(A) *- (Al V (Ml 


I Logically EXCLUSIVE OR the accumulator with the data in the I 
memory (whose address is defined by the contents of the H and I 
| L registers). 

The result is placed in the accumulator 
Suppose (A) = 12 h 

H and L point to a memory location which holds F0 H 


XRAM will set (A) = E2 H 

v.7 12 h 

V F0 h V 

Carry always set - (H 


0001 00100 

V 1111 0000 B Even parity sets P = 1 


arry always set = 0- 1 I 
B7 - 1 sets S - 1 —I L 


110 0010B 

| Non-7ero result sets 7 
L AC always set = 0 


Carry and auxiliary carry have no meaning in the case of a logical 
operation and are always cleared. 

The effect of EXCLUSIVE OR is to reverse or complement 
selected digits. The digits to be reversed are marked by a 1 in the 
accumulator, with others marked with a 7ero being left unchanged. 


5 mnemonic XOR (HL) 


6800 mnemonic: EOR 
6502 mnemonic: EOR 



Suppose (A) = 12 h 
( r) = F0„ 


XRA r will set (A) = E2 H 


0001 0010 B 

V 1111 0000 f , Even parity si 


■ Non-zero result sets 7 
L AC always set 0 


Carry and auxiliary carry have no meaning in the case of a l( 
operation and are always cleared. 

The effect of EXCLUSIVE OR is to reverse or complement 
selected digits. The digits to be reversed are marked by a 1 in the 
accumulator, with others marked with a rero being left unchanged 


6800 mnemonic: n/a 
6602 mnemonic: n/a 


1 2 

r Bytes 

2 

| Machine Cycles ! 

t 7 

1 Clock States 

Al 

PFlags Affected 

La 

j Registers Affected j 


(Ai • (A)y (byte ?) 
ator with the data in 


Logically EXCLUSIVE OR the accumulator w 
| byte 2 

The result is placed in the accumulator. 

Suppose (A) = 12 h 

XRI F0 h will set IA) to E2 h 

v.7 12 h 0001 901 Ob 

VF0 h V nil 00008 Eve 


Cany and auxiliary carry have no meaning in the case of a logical 
operation and are always cleared 

The effect of EXCLUSIVE OR is to reverse 01 complement 
selected digits The digits to be reversed are marked by a 1 in the 
accumulator, with others marked with a 7eio being left unchanged 


Z 80 mnemonic XOR data 


6800 mnemonic: EOR 
6502 mnemonic: EOR 


Exchange the Top of Stack with H and L 

XTHL 8085 8080 


fT~ 

Bytes 


5 

Machine Cycles 


[ 16 j_ 18 
none 

Clock States 

Flags Affected 

d 

H.L 

| Registers Affected) 


(L) — <(SP)> 

_(H) ((SPI ♦ 1) 

The contents of the register pair H, L is exchanged (swapped) 
| with the memory locations at the top of the stack 

Suppose (H. L) 1234 h 

ISP) A000 h 


XTHL will set (H. L) 789A H 
(A000) - 34 
IA00I) = 12 h 

NB The stack pointer itself is unchanged at the end 
of the instruction. 


This instruction gives an aid to programmers wishing to manipulate 
data on the stack. It could be used, for example, to retrieve data 
passed into a subrouting on the stack. 

Two XTHL instructions in sequence constitute a relatively long 
’no operation’ like instruction 


7 RO mnemonic: EX (SP). HL 









GLOSSARY 

A 

Accumulator The principal register in a microprocessor. The 
result of arithmetic and logic operations is normally placed by 
the processor in the accumulator. 

ADA A high-level language recently designed for use by the 
American Defense Department. 

Address A number, commonly 16 binary digits in length, 
which identifies a particular memory location. 

Address Bus The signal lines over which an address is sent. 

Address Decoding The process of selecting a particular address 
location from the signals on the address bus. 

ALGOL A high-level language, designed in England for 
mathematical applications, which introduced many of today’s 
advanced programming concepts. 

Algorithm The step-by-step description of a solution to a 
problem. 

Alphanumeric A description of all alphabetical and numerical 
characters; that is the letters A-Z and the numbers 0-9. 

Analogue Having a continuum of states. A voltage (or current 
etc.) which can take any value and which is not restricted to 
fixed values as is the case with digital signals. 

Arithmetic Logic Unit (ALU) A major component in a 
microprocessor, responsible for performing simple arithmetic 
and logic functions. 

ASCII American Standard Code for Information Interchange. 
A 7 bit binary code for coding alphanumeric data, punctuation 
marks and similar information. 

Assembler A program which translates an assembly program 
into machine code. 

Assembly Language A low-level language directly related to 
machine code. 

Asynchronous Unsynchronised. Random in time. A circuit or 
signal which is not synchronised by a common clock signal. 

B 

Base The number of characters in a numbering system; for 
example, binary is base 2, decimal is base 10. 

BASIC beginners AW Purpose Symbolic /nstruction Code. A 
teaching language which is quick to learn and is implemented 
on many microcomputers, being similar to FORTRAN in some 
respects. It is not a language favoured for professional use. 

BCD Binary-coded decimal. A decimal number represented 
as a 4 bit binary code; for example, 6 in BCD is 0110, 26 is 
0010 0110. In pure binary, the first example is 6 decimal but 
the second is 38 decimal. 

Binary The base 2 numbering system. 

Bistable An electronic device which has two electronic states, 
LOW and HIGH, and which remains stable in either state unless 
toggled into the other by an input. Also called a flip-flop. 

Bit Binary Digit. A single 0 or 1. 

Bit Slice A type of IC, one or more of which can be used to 
construct a custom-designed microprocessor-like system. 

Buffer A device to isolate two parts of a circuit or to increase 
the digital drive capability of a signal. 

Bus A signal path which is common to many parts of a circuit. 
Most electronic circuits have an earth bus, but microprocessor 
circuits also have multi-line data, address and control buses. 

Byte Eight binary digits. 

C 

Call A programming instruction to begin execution of a 
subroutine (or procedure). 

CHILL CC1TT High Level Language. A recent and advanced 
programming language for telecommunication use. 


Chip An IC package containing a small chip of silicon, or the 
chip of silicon itself. 

Chip Enable (CE) An input signal to activate or enable a chip. 
Chip Select (CS) An alternative name for chip enable. 

Clock In electronics, a common regular synchronising signal. 

COBOL Common business Orientated Language. An early 
and still much used high-level programming language. 

Compiler A computer program which translates a high-level 
language into machine code. After compilation, the program is 
run by executing the machine code produced. 

Complement To invert a logic state; that is from zero to one, 
or from one to zero. 

Conditional A program term indicating that an instruction’s 
execution is dependent on some previous condition or result. 

cps Characters per second. Usually it describes the speed at 
which a computer’s printer operates. 

CPU Central processing unit. The central part of a computer, 
but excluding memory and input/output. 

CRT Cathode-ray tube. Often used to mean a complete VDU. 

D 

Data Information. Strictly speaking, several pieces of 
information, since datum, the singular form of the word, exists. 

Data Bus The set of electrical conductors which carries data 
between different units in a computer system. 

Debounce Elimination of bounce from a mechanical switch. 

Decoder An electronic circuit which selects one of several 
devices when supplied with a binary input signal (from the 
address bus usually). 

Decrement Decrease a number by one. 

Digit A single numeric character. 

Digital Having only discrete states. Digital electronics has 
only two logic states: high (logic one, commonly 5 V) and low 
(LOGIC ZERO, commonly 0 V). The opposite of analogue. 

Disc Drive The recording and playing back apparatus used to 
transfer information between a computer and a floppy disc. A 
dual disc drive can read and write to two floppy discs, which 
leads to ease of editing of information between discs. 

Double Precision To use twice as many digits as normal to 
express an arithmetic quantity. 

Dynamic Memory A memory which stores information in such 

a way (for example, on a capacitor) that the data would be lost 
after a period of time but for the action of circuitry which 
continuously or dynamically renews it. 


E 

EPROM Eraseable/programmable read-only memory. A 
ROM which can be programmed after manufacture by use of 
suitable high-voltage electrical circuitry,and its contents can be 
erased by exposure to ultra-violet light. 

F 

Fan In The number of inputs present on a logic gate. 

Fan Out The number of similar logic gates which may be 
driven by the output of a logic gate. 

Field A position or column in the layout of a program, 
especially assembly language. 

FIFO First-in-first-out memory. Data is retrieved from the 
memory in the same order as it is entered. 

FILO First-in-last-out memory. Data is retrieved from the 
memory in the reverse order of its entry. The stack memory of 
a microprocessor is an example of a FILO. 

Firmware A program stored in a permanent memory such as 
a ROM. 
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Flag A simple indicator, usually a binary digit or register, 
used to denote a particular event as having happened or not. 

Flip-Flop An alternative (American) name for a bistable. 

Floating A description of a logic line which is neither in its 
high state nor in its low state, but is unconnected (to any logic 
level). 

Floppy Disc A thin flexible plastic disc coated in magnetic 
material and contained in a protective envelope which is used 
for storing digital information (programs or data). Common 
sizes are 8 inch, 5 • 25 inch and 3 inch diameter. Data capacities 
are from 100 Kbyte to 1 Mbyte typically. 

Flowchart A graphical way to show the structure and flow of 
a program. 

FORTH A high-level computer language used mainly for 
control applications and implemented on many microprocessor 
systems. 

FORTRAN An early high-level computer language from 
America which is still used for mathematical applications. 

G 

Gate An electronic circuit which performs a simple logic 
function. 

Graphics Terminal A VDU or printer which is designed to 
display graphics or diagrams rather than alphanumeric text. 

H 

Hard Disc A magnetic disc which is similar to a floppy disc 
in general terms but which is thicker and rigid. It can be rotated 
more rapidly to speed data transfer and has a considerably 
larger data capacity (1 to 100 Mbyte), but it is fixed with the 
disc drive and cannot be readily removed like a floppy disc. 

Hardware The physical parts of a computer. The counterpart 
of software, which is the program contained within the 
computer. 

Hexadecimal or hex or suffix H or prefix $. The base 16 
numbering system which uses the digits 1, 2, 3 , 4, 5, 6, 7, 8, 
9, A, B, C, D, E, and F. 

High-Level Language A computer language which is more 
sophisticated than machine code (low-level language) and 
having statements which are close or fairly close to English-like 
instructions. There are many different such languages (for 
example, ADA, ALGOL, BASIC, COBOL, FORTH, 
FORTRAN, PASCAL, CHILL), each optimised for a 
particular computing application. 

High Order The most-significant half of a 16 bit binary 
quantity; that is, digits 8 to 15 of a number having digits 0 to 
15. 

I 

Increment Increase a number by one. 

Instruction A simple constituent element of a program. 

Instruction Cycle The cycle of operations needed to execute a 
complete instruction. 

Instruction Set The complete set of all machine-code 
instructions for a microprocessor. 

Integrated Circuit A complete electronic circuit constructed 
on a single silicon wafer (chip) and packaged as a single 
component. 

Interpreter A program that executes a high-level language 
directly, line by line, without producing any separate machine 
code. 

Interrupt A signal designed to gain control of a processor so 
that it can perform some special function exactly when so 
required. 

Isolated Input/Output (I/O) Input/output devices connected 
to a computer system in such a way as to be separate from the 
memory. 

J 

Jump A computer instruction to control the flow of program 
execution. 


K 

k 1000 or 10 3 . 

K Strictly, the SI unit kelvin, but used commonly in 
microprocessor applications to mean 1024 or 2 10 . 

L 

Label Used to mark a position or row of a computer program. 
The common alternative is to refer to the line number (which 
may change if the program is expanded). A label in assembly 
language ultimately corresponds to a specific memory location. 

Latch An electronic device which can store digital information 
which may be presented to it only for a brief period. Usually a 
group (typically eight) of bistables. 

LED Light-emitting diode. A semiconductor diode which 
emits light, often red, when a current flows through it. 

LIFO Last-in-first-out memory. An alternative name for a 
FILO memory. 

Loop A section of a computer program that is executed a 
number of times. 

Low Order The least-significant half of a 16 bit binary 
quantity; that is, 0 to 7 of a number having digits 0 to 15. 

Low-Level Language A computer language such as machine 
code or assembly language which is close to the needs of the 
computer but far removed from everyday English. Programs 
written in a low-level language are usually efficient in their use 
of the computer but take longer to write compared to those 
written in a high-level language. 

LSB Least-significant bit. The right-most digit in a binary 
number; for example, in 11111110, 0 is the LSB. 

LSI Large-scale integration. A term used to describe recent 
manufacturing technology which places thousands of devices on 
one silicon chip. 

M 

Machine Code The most elementary and primitive level of a 
computer program. The binary zeros and ones which control 
the operation of the computer. 

Machine Cycle The time taken for a computer to perform 
some short basic task, usually the transfer of data over the data 
bus. 

Mainframe Computer A large, fast, expensive computer built 
with rack-mounted components. 

Memory The part of a computer system where data is held. 
Magnetic core memories were popular until modern IC 
technology allowed more compact memories to be developed. 
See also ROM and RAM. 

Memory Map A diagram showing the use assigned to the 
memory of a computer. 

Memory Mapped Input/Output (I/O) Input/output devices 
physically connected to a computer system so as to appear to 
the computer as memory locations. 

Microcode The code used to construct a microprogram. See 
microprogram. 

Microcomputer Usually taken to be a complete working 
computer based on a microprocessor device. 

Microprocessor A single IC containing thousands of 
transistors which forms the basis of a computer. 

Microprogram The program in some microprocessors which 
defines their instruction set. Other microprocessors have their 
instruction set fixed by the arrangement of their internal logic. 
A microprogram comprises microcode which is held in a fast 
ROM; this ROM might be contained in the microprocessor 
itself. 

Minicomputer A medium-fast medium-priced computer built 
into a space comparable to a filing cabinet. 

Mnemonic An abbreviation designed to aid the user’s memory. 
Mnemonics are used extensively by machine-code and assembly 
programmers; for example, ST A is the mnemonic for STORE THE 
ACCUMULATOR. 
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MSB Most-significant bit. The left-most digit in a binary 
number; for example, in 10000000, 1 is the MSB. 

Multiplex To use a signal path for more than one purpose. To 
distinguish between the different signals requires some method 
such as time division—each signal uses the path only during 
predetermined time periods. 

N 

Nest To use a subroutine within a subroutine. The inner 
subroutine is said to be nested in the outer. 

O 

Octal The base 8 numbering system which has been largely 
replaced by hexadecimal. Octal uses the digits 0, 1,2, 3, 4, 5, 
6, and 7. 

Op Code Operation code. That part of an assembly or 
machine-code instruction which is the instruction itself rather 
than the data associated with the instruction; for example, in 
LDA 1234, LDA is the mnemonic for the op code, 1234 is the 
data. 

Output Port The electronic circuitry which allows a 
microprocessor to send data outside the system. 

P 

Page 256 bytes. 

Parity The number of ones in a number; for example, 
011101001 has odd parity (five ones), 01000001 has even parity 
(two ones). Parity is one method of checking for data corruption. 

PASCAL A recent computer language used originally for 
teaching and implemented on many microcomputers. It enjoys 
some excellent attributes and is preferred by many to its chief 
rival, BASIC. 

PCB Printed-circuit board. Also PWB (printed-wiring board). 
The board with copper connecting strips on which circuit 
components are soldered. 

Peripheral Any device connected to a computer; for example 
VDU, printer. 

Port The hardware interface between a computer and the 
external world. 

Processor Not a well-defined word. Can refer to a computer 
or a microcomputer or just to the processing section of a 
computer. 

Program The sequence of instructions which control a 
computer. The American spelling has become almost universally 
accepted in Britain, while the English spelling (programme) has 
been retained for non-computer usage. 

Program Counter (PC) A register in a computer which keeps 
track of the part of the program currently being executed. 

Programming Language A computer language used to write 
programs. 

PROM Programmable read-only memory. 

R 

RAM Random-access memory. RAM is normally used only 
to mean read/write memory as opposed to ROM. Strictly, most 
ROMs are RAMs; that is random-access memories. 

Random Access A memory organisation, usually matrix like, 
which allows each memory location to be accessed in the same 
amount of time. The opposite of sequential access. 

Read To transfer data to one device, usually the computer, 
from a memory location or an input port. 

Refresh The process of restoring the logic state to a memory 
cell in a dynamic memory. 

Register A memory storage location more easily and rapidly 
accessible to a computer than its main (external) memory. 

ROM Read-only memory. A memory which retains its content 
in the absence of power but which the microprocessors can only 
read from, not write to. 


S 

Semiconductor A material which is in between conductors and 
insulators in its electrical properties. In electronics, 
semiconductor is usually taken to mean a silicon (or perhaps 
germanium) transistor or diode. 

Sequential Access A memory device where the speed of access 
to information depends on the the last memory location accessed; 
for example, magnetic tape. The opposite of random access. 

Serial Data transmitted one bit at a time is described as serial. 

Software A computer program. 

SSI Small-scale integration. The technology which first 
produced ICs was capable of placing only a few tens of 
transistors onto a silicon chip and is now referred to as SSI. 

Stack A FILO data storage structure implemented in most 
microprocessors and used principally for storing subroutine 
return addresses. 

Stack Pointer A register which keeps track of the last data 
entry position in the stack. 

Static Memory A memory, usually constructed from bistables, 
which retains its contents (while power is applied) without the 
need for refreshing. 

Status The current state of a device or condition. The status 
register of a microprocessor usually comprises flags. 

Structured A term used in a computer programming language 
to describe the orderly construction of a program. Structured 
programs are considered essential in all but trivial applications 
and are best achieved with computer languages which allow 
structuring; for example, PASCAL, ALGOL, CHILL, ADA. 

Subroutine Also procedure. A routine in a program which, 
although it may be executed more than once, exists in the 
program just once. 

T 

Tri-State Also three-state. Logic devices which drive buses 
are often capable of tri-state output. In addition to the usual 
binary LOW and high states, an additional third, high impedance, 
output is provided. 

TTY Teletype. An electromechanical printer, keyboard and 
paper-tape device used in the computer industry for many years 
but now largely replaced by the VDU. 

Two’s Complement The complement of a number plus 1; for 
example, for 1001 the one’s complement is 0110, and the two’s 
complement is 0111. 

U 

UART Universal asynchronous receiver transmitter. A 
microprocessor input/output support device used to convert 
data between serial and parallel forms. 

USART Universal synchronous/asynchronous receiver 
transmitter. A UART which can operate in a synchronous 
mode. 

V 

VDU Visual display unit. A computer terminal usually 
comprising a CRT display and a keyboard. 

VLSI Very-large-scale integration. The most recent 
technological processes can integrate hundreds of thousands of 
transistors onto an IC, which is then termed a VLSI circuit. 

Volatile A volatile memory is one which can retain data only 
while power is applied to it. 

W 

Warmware The computer user. A computer jargon word in 
similar vein to software, hardware and firmware. 

Word Two bytes (16 bits). Often used to mean the size of the 
computer data bus. Since this can vary from computer to 
computer (for example, 4, 8, 12, 16, 24, 32 bit), the former 
meaning is to be preferred and is the more common in any case 
today. 

Write To transfer data from one device, usually the computer, 
to a memory location or an output port. 


This paper is a revised version of Microcomputer Systems, British Telecom Educational 
Pamphlet, Micro-electronics 1/1, Issue 1.1, January 1982. 

Supplement to British Telecommunications Engineering, Vol 3. Part 4, January 1985. 
©British Telecommunications pic copyright reserved. 
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BTEC: TELECOMMUNICATIONS SYSTEMS I 

The following questions are based on the BTECs standard unit U81/748. Students are advised to read the notes on p. 69 


QI With the aid of a block diagram, illustrate the three basic items 
which make up a transmission system. (2 min) 

A1 



Q2 For the waveform given in Fig. 1 determine: 

( a ) the period, 

( b ) the amplitude, and 

(c) the frequency. (5 min) 



Fig. 1 


A2 (a) 40 ms. 

[Tutorial note: Period = time taken for one complete cycle.] 

(b) 5 V. 

1 

(c) Frequency = —:—- 

period 

1 

” 40 x 10" 3 

1000 

__ 40” 

= 25 Hz. 


Q3 Which of the following statements is correct ? The difference between 
AC and DC signals is that: 

(a) an AC signal periodically varies in amplitude and a DC signal does 
not. 

{b) an AC signal periodically reverses its polarity and a DC signal has 
a constant polarity. 

(c) an AC signal always varies sinusoidally in shape and a DC signal is 
never sinusoidal. 

(d) the instantaneous value of an AC signal continually changes, and a 

DC signal remains constant. (5 min) 

A3 ( b) an AC signal periodically reverses its polarity and a DC signal 
has a constant polarity. 

Q4 State three limitations on the use of DC signals in the transmission of 
information over long distances. (7 min) 

A4 (a) To drive the current over a long line, a dangerously high 
voltage may be required. 

(b) Extra maintenance problems could arise if amplification or regen¬ 
eration of the current is used. 

(c) Adverse line conditions drastically alter the shape and duration of 
DC signal pulses. 

Q5 A complex wave has a fundamental frequency of 2000 Hz. What 
would be the frequency of the third harmonic ? (2 min) 


AS 6000 Hz. 

[Tutorial note: Harmonic frequencies are direct multiples of the funda¬ 
mental frequency; that is, the third harmonic of 2000 Hz is 
3 x 2000 = 6000 Hz.] 


Q6 Which of the following statements is correct? With a carbon granule 
transmitter, compression of the carbon granules results in: 

(a) a decrease in the resistance of the transmitter with a consequent 
decrease of current through it. 

(b) an increase in the resistance of the transmitter with a consequent 
increase of current through it. 

(c) a decrease in the resistance of the transmitter with a consequent 
increase of current through it. 

{d) an increase in the resistance of the transmitter with a consequent 
decrease of current through it. (2 min) 

A6 (c) a decrease in the resistance of the transmitter with a conse¬ 
quent increase of current through it. 


Q7 Which of the following statements is correct? If a direct current 
flows through a rocking armature telephone receiver , 

(a) vibrations of the armature cause sound to be produced. 

(b) the armature tilts one way or the other. 

(c) the armature remains stationary. 

(d) the magnetic field due to the current either aids or opposes the per¬ 
manent magnetic field. (2 min ) 

A7 ( b ) the armature tilts one way or the other. 


Q8 Using the appropriate symbols, construct a simple trunking diagram 
of a Strowger step-by-step automatic telephone exchange showing the 
completed path of a call from subscriber A (Telephone No. 37651) to 
subscriber B (Telephone No. 64872) on the same exchange. {10 min) 

A8 


SUBSCRIBER SUBSCRIBER 



Q9 State the maximum number of trunk links that may be used on calls 
using trunk auxiliary routes. {1 min) 

A9 2. 

[Tutorial note: A trunk call is limited to using a maximum of two trunk 
links and one intermediate group switching centre (GSC).] 


QI0 What percentage of UK trunk calls are carried by the trunk transit 
network, 

(a) 72%, 

(b) 5%, 

(c) 20%, or 

(d) 10%? {I min) 

A10 ( b) 5%. 

[Tutorial note: Every GSC has at least one route to a transit switching 
centre.] 
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BTEC: TELECOMMUNICATIONS SYSTEMS 1 ( continued) 


QU State what each of the following telephony signals indicate: 

(a) dial tone, 

( b ) ring tone, 

(c) busy tone , 

(d) equipment-busy tone, 

(e) number-unobtainable (NU) tone , and 

(/) ringing current. {8 min) 

All (a) Dial tone indicates to the calling subscriber that dialling can 
commence. 

{b) Ring tone indicates to the calling subscriber that the dialled 
number is being called. 

(c) Busy tone indicates to the calling subscriber that the wanted sub¬ 

scriber is busy on another call. 

{d) Equipment-busy tone indicates to the calling subscriber that no 
equipment is available to deal with the call at that instant. 

(e) NU tone indicates to the calling subscriber that the number 
dialled is not available; for example, no subscriber is connected to the 
number that has been dialled. 

(/) Ringing current drives a bell or tone caller to indicate to the 
called subscriber that a call has arrived. 


Q14 In telegraphy the total number of combinations associated with the 
teleprinter 5-unit Murray code is: 

(a) 25 

(b) 5 

(c) 43 

(d) 64 (/ min) 

A14 (d) 64. 


Q15 In a national bank accounting data network what is: 

(a) polling , and 

(b) the role of the concentrator? (8 min ) 

A15 (n) Polling is a method of transferring information and is a tech¬ 
nique by which the computer ‘asks’ each bank branch in turn if it has 
any data that needs to be processed by the computer. 

( b ) In a national bank accounting network, the concentrator, which is 
usually situated at a major branch, takes over some of the computer’s 
functions. It polls in turn each of the minor branches connected to it, 
and stores the data until it is itself polled in turn by the computer. 


Q12 (a) With the aid of a sketchy and using the correct symbols, show 

how five local exchanges (B , C, D , £, and F) would be connected to a 
group switching centre (A). Include in your drawing two auxiliary routes, 
(b) Under what circumstances are auxiliary routes provided? (5 min) 

A12 (a) 


c 



( b ) Auxiliary routes are provided when sufficient traffic between 
exchanges warrants direct routes. 


QI3 (n) Sketch a simple switching matrix that could interconnect six 
inlets to five outlets. 

(b) What are the number of crosspoints? 

(c) What is the maximum number of simultaneous calls that the matrix 

can carry? (5 min) 


Q16 State the names of the two basic most common types of computers. 

(I min ) 

A16 Digital and analogue. 

[Tutorial note: There is also a hybrid computer which makes use of 
both analogue and digital techniques.] 


QI7 What type of working is the computer said to be in when it gives 
the answer to a question almost immediately? (/ min) 

A17 Real-time. 


QI8 Give the range of frequencies associated with each of the following 
radio wave paths: 

(fl) ground waves , 

{b) sky waves, and 

(c) space waves. (4 min) 

A18 (a) Up to 300 kHz, 

(b) 3 MHz-30 MHz, and 

(c) above 30 MHz. 

[Tutorial note: From 300 kHz to about 3 MHz, the propagation is 
partly by ground wave and partly by sky wave.] 


Q19 What is the general effect on a radio wave when it passes through 
an electrical insulating material? (2 min) 

A19 It is refracted and attenuated. 


Q20 What effect does light have when it strikes the photo-emissive 
material in the television camera? (2 min) 


A13 (a) 


OUTLETS 

A \ 


A20 It causes electrons to be emitted into space. 

[Tutorial note: The more intense the light, the more electrons that are 
emitted.] 


s 

6 

1 

2 

3 

4 

5 

5 






4 






INLETS 3 






2 






1 













(b) 30 (number of inlets (6) x number of outlets (5)). 

(c) 5. 


Q2I Name the component parts of the television receiver tube illustrated 
in Fig. 2. (3 min) 


(d) 
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BTEC: TELECOMMUNICATIONS SYSTEMS I (continued) 


A21 (a) Cathode. 

(b) Modulator. 

(c) Anode. 

(d) Glass envelope, 

(c) Screen. 


Q22 In a cathode-ray tube , the horizontal deflection of the electron beam 
is called the 

(a) line scan. 

( b ) frame scan. 

(c) interlaced scan. 

(d) field scan. (2 min) 


A22 (a) line scan. 


Q23 (a) Draw the raster of a television picture consisting of 12 lines in 
total. Show clearly in your drawing how each field is interlaced by num¬ 
bering each line in order of scanning. 

(b) Why is interlacing necessary? (8 min) 


A 23 (a) 

ORDER OF 
SCANNING 



LINES OF FIELD 1 SCAN - 

LINES OF FIELD 2 SCAN- 

(b) Interlacing is necessary because to transmit a complete picture 
with no noticeable flicker in one scan would require a rather large 
bandwidth. 


velocity x time 

A27 Distance --, 

2 

3 x 10 8 x 14 x 10~ 6 
= 2 ’ 

= 2100 m or 21 km 

[Tutorial note: The velocity of an electromagnetic wave in free space is 
3 x 10 8 m/s.] 


Q28 Discuss the main advantages of secondary radar over primary radar 
systems. (12 min) 


A28 When a primary radar system is being used, the magnitude of the 
received echo signal depends upon the size, shape and material of the 
target. At best, the power of the returned signal is not likely to be 
greater than a one twentieth of that transmitted. 

However, if the target is a secondary radar station then, on receipt of 
an input signal to its receiver, the secondary radar station will respond 
by transmitting, thus providing a much stronger echo signal back to the 
primary radar receiving station than a reflected wave. 

The secondary radar station can also provide various other coded 
information such as, in the case of an aeroplane, its identity and altitude 
etc. 

Both primary and secondary radar are affected by interference but, 
because secondary signals are in most cases stronger than those of a 
reflected wave, they are more likely to be recognised. 


Q29 (a) Give a brief description of the UK ’s switched telegraph network 
known as Telex. 

( b) Draw a diagram showing a connection between two Telex sub¬ 
scribers , X and Y: include two exchanges and two zone centres. (12 min) 


A29 (a) The UK is divided into a number of areas, and each area is 
served by an automatic Telex exchange to which all the subscribers 
within the area are connected. 

The exchange areas are grouped together to form a zone. One of the 
exchanges in the zone is designated a zone centre exchange and acts as 
a switching point for calls between exchange areas within the zone and 
for calls into or out of the zone. 

There are six zones, all of which are fully interconnected. Internation¬ 
al calls are handled by the London zone centre, which has direct routes 
to all area exchanges. 


Q24 With reference to the colour cathode-ray tube , what is a triad? 

(3 min) 

A24 A triad is the name given to the phosphor dots arranged in tri¬ 
angles on the face of the colour cathode-ray tube. Each triad contains a 
red-, a green- and a blue-emitting phosphor dot. 


Q25 What are the three separate charge elements incurred when a cus¬ 
tomer uses the Prestel service? (7 min ) 


A25 The three separate charge elements incurred are 

(a) the charge for the local telephone call to the computer, 

(b) the charge for the use of the Prestel computer which will depend 
upon the length of time it is used, and 

(c) the charge for the information that the computer provides. 

Q26 With reference to a pulsed primary radar system , what is the 
purpose of the duplexer? (3 min) 


A26 The duplexer is an electronic switch which allows the same aerial 
to be used for both the transmission and reception of radio pulses. 


Q27 If when a primary pulsed radar system is being used , the time inter¬ 
val between the transmitted pulse and the received echo pulse is 14 ps, 
how far away is the target ? (3 min) 


(b) 



EXCHANGE 


Q30 With reference to the local line distribution network , which cables 
would normally be connected to each of the following: 

(a) primary cross-connection point (PCCP), 

(b) secondary cross-connection point (SCCP), and 

(c) distribution point (DP). (3 min) 


A30 (a) Main and branch distribution cables. 

(b) Branch and local distribution cables. 

(c) Local distribution cables. [Tutorial note: Normally from this point 
the overhead dropwire completes the subscriber’s connection.] 


Q31 At what point in the local line distribution network does cable 
pressurisation end? (2 min) 


A3I Cable pressurisation ends at the primary cross-connection point. 

Questions and answers contributed by B. Garner 
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CORRECTION 

BTEC: DIGITAL TECHNIQUES A III 

(Supplement, Vol. 3, July 1984, p. 43) 

A18 The reason given for transistor TR2 to be cut off when either or 
both of the inputs" A and B are held at logic 0 is incorrect. In this case, 
transistor TR2 does not turn on because the potential at the base of 
transistor TR1 is held at (typically) 0*9 V by the (typical) 02 V at A or 
B. This is insufficient potential for the three diodes of TR1 (base- 
collector) and TR2 and TR4 (base-emitter) in series. Each diode has 


(typically) 0-3 V across it which is insufficient for conduction. 

Also, for the case when both inputs A and B are held at logic 1, it is 
more correct to say that the voltage across resistor R3 rises to about 
0-7 V, where it is clamped by transistor TR4 turning on, thus bringing 
the output voltage to logic 0 level. 
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